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I. INTRODUCTION AND STATEMENT OF THE PROBLEM

The evaluation of the potential performance of gas-driven gun propulsion concepts requres an accurate

determination of the thermochemical properties of the propelli gases. The principal qumtities of interest

are as follows: (1) the effective gas temperature (flame temperature in the absence of electrical mergy);

(2) the ratio of the frozen specific heats (y); (3) the covolume; and (4) the ballistic energy, which is

defined by

Ballistic Energy = •pa . (1)7y-i

Thermochemical codes designed for bt1istic applications (i.e., utilizing nonideal equations of state)

such as BLAKE (Freedman 1982), F. Volk's ICT code (Volk and Bathelt 1978), or SNPE's BAGHEERA

(Kotlar 1991) have proven very effective in calculating these quantities for standard solid popellant gun

systems. Unfortunately, calculating thermochemical values for gases produced by the pama/ropellam

mixture in the electrothermal-chemical (ETC) ballistic process is complicated by the likelihood of

achieving gas tempertres well in excess of 5,000 K.

Two potential difficulties, which can result in incorrect thermocmical values being calculated, arise

when the gas temperature greatly exceeds 5,000 K. Fuut, a significant concentration of ions may be

formed in the gas at these temperatures; in their prent forms, neither BLAKE nor the ICF code takes

into account the presence of ions and thWr concomitant effect on the thermodynamics

Second, the represetions of the temperature dependence of the thermodynamic data used by the

codes in performing the calculations may not be valid much beyond this temperature. This point requires

further discussion. General-purpose thermodynamics codes, such as the ones mentioned, must have

available as functions of temperature the thermodynamic quantities, heat capacity at constant pressure (Cp),

enhalpy (H), and entropy (S), for 500-1,000 species. In order to minimize computer memory

requirements, tese quantities are not themselves stored directly. Since H and S are directly obtained by
tegraton of C,(T)dr and ([C . respectively, it is sufficient to store only CP plus two itegradon

constants. Furthermore, even C. itself is not stored directly, instead, the coefficients of an empirical

repsn ttion ae used.

I



Mant bs no objective way of deciding which -epresentation is the best. Gordon And McBride (1971)

used

CPO" 9= c + d*T+eC*T4+ fti 3 + g.T. (2)

More recently, McBride (1992) has been using

CPW =a*r 2 + bol+ c + d.T+e.TI 2 + foT3 +g. 4 . (3)

The authors of the TIGER code (Cowperthwaate and Zwisler 1973), and subsequently, BLAKE, used

pl'PS= B(I) + B(2).O + B(3)*4E) + B(4)*e 3

+ B(5)*(1e) + B(6)'I(1/e9 + B(7)*(1I9)3  (4)

In Eqs. 2-4. T is the absolute tempeaure and 9t is the universal gas constant in appropriate units

(originally, caloriesdknole-K; mome recently. jouls/znole-K). In Eq. (4), e is T/I,0AM.

In all cases. the constants a-g or B(1)-B(7) amt determined by linear least squares fitting to the heat

capacity data in the JANAF Tables (Chase et al. 1986). Earlier editions of the JANAF Tables terminated

at 5,000 K and. therfore, so did the fittings in BLAKE and the ICr programs. Extrapolating linear least

squares fittings; is known to be a risky procedure. (This difficlty can often be avoided [Chase 19851 by

including an estimated heat capacty at a temperature well outside the upper range, but this was not done

in the BLAKE fittigs.) Any inaiccuracies arising from such extrapolation will be propagated through fth
calculations, possibly resulting in significant errors in the values determined for the other temceia

properties.

Even when fth total amount of added electrical energy is relatively low so tha the overall average

gas temperatur remains below 5,000 K, transient high gas tem~perature (over 5,000 K) with their

(possibly) resulting inaiccuraftetrmcmia properties may occur. (TM time scale of these transents,

while short compared to the gun firing cycle, is nevertheless long enough so that thermochemical

equilibrium is maintained in the chamber.) This is illustrated in Figures 1 and 2. Figure I shows; the

calculated instantaeums electrical energy density (kilojoules of input electrical energy per pun of

propellant consumed) for an experimental 30-mm ETC gun firing. One see electrical energy densities;

2
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greater than five occurring for about 1.2 ms during the first 1.4 ms of the ballistic cycle. Figure 2 shows

that electrical energy densities greater than five (for the M30 propellant used in the experiment) result in

calculated gas temperatures in excess of 5,000 K. Thus, even though the average plasma/propellant gas

temperature is approximately 3,800 K (using an average electrical energy density of 1.16 kJ/g) during a

significant portion of the ballistic cycle (1.2 ms of the total 6.4 ms, Figure 1), the effective gas

temperature would exceed 5,000 K. Wren and Oberle (1993) have shown that ignoring the effects

associated with the high transient gas tempera.ires and varying thermochemical properties can result in

significant differences in interior ballistic simulations and in inverse analyses of experimental data for

ETC systems.

The objective of the present work was to produce a unified thermodynamics code and its

accompanying library that can prod - all of the customary ballistic thermochemical data for

ETC propellant systems at tempe. .jres up to 10,000 K and preferably 15,000 K. Specifically discussed

are the following: (1) the overall approach and rationale to producing the desired thermochemical code;

(2) evaluation of the effect of including ions on calculated themochemical values; (3) modifications &o

the BLAKE thermodynamics code; and (4) results of several test cases utilizing ft unified

thermochemical code with libraries over different temperature ranges.

2. APPROACH

In order to achieve the desired objectives. the following steps were adopted: (I) determine if the

presence of ions at high temperatures significantly affects values for computed thermochemical data;

(2) based upon the results of (1), decide which thermodynamic code to modify;, and (3) modify the

selected code.

2.1 Discussion of Step I. To determine the potential effect of ions, the National Aeronautics and

Space Administration Lewis Research Center's (NASA-Lewis) family of codes (CET86, TRAN72, CETS9,

and variants) (Gordon and McBride 1971; Svehla and McBride 1973) was selected for use since they can

easily work with ions. Before evaluating the effect that ions may have on the computed thermochemical

properties, however, it was necessary to obtain thermodynamic data for species produced in typical ETC

gun propellants up to 10,000 K. Fortunately, Bonnie I. McBride of NASA-Lewis in Cleveland, OH, was

able to provide to the Army Research Laboratory a set of coefficients that would permit computations up

to 15,000 K (and 20,000 K in some cases) for 133 neutral and ionic species containing C-H-O-N.

4



Since ballistic energy (defined earlier) is the quantity actually utilized in most ballistic simulations,

it was selected as the figure of merit for ascertairing the effect of ions. A difference of more than 2%

In computed ballistic energy (with and without the formation of ions permitted) was selected as the

decision criterion. Results are prsnted in the next section.

2.2 Discussion of Sim 2. We consider only two codes, BLAKE and MU, the next-to-ltest

vezsion of the NASA's Lewis Research Center's chemical equilibrium and transport codes. Each code

has its own advantages and disadvantaps. CET86 is an outstanding program that is easy to nm and

readily woiks with ions. Unfortunately, it utilizes only the ideal gas equation and, thrfore, cann

estimate covolumes, a necessity for gun calculations. If inclusion of ions proved to be necessary, then

the CET86 code would be adopted, and a modification or separate program would be developed to

compute covolumes. On the other hand, if the formation of ions is not significant at temperatures up to

10,000 K& then the BLAKE code would be used, and a extended library (valid up to at least 10,000 K)

would be prepared for it.

2.3 Discussion of SteD 3. As will be shown, the formation of ions was found not to be important

(at least for the propellant systems considered), and consequently the BLAKE code was selected. Only

a summary of the modifications to BLAKE will be provided in this report; more detailed information will

be contained in a forthcoming report.

3. EFFECT OF IONS

As mentioned previously, the NASA-Lewis code CETS6 was utilLd to determine the effect of ions

on the calculated Utumochemical data. A vaiant of CTM called MuCET was chosen for this task.

Unfortunately, the format of McBride's high-temperature tiermochemical data differed from that used in

all NASA-Lewis thermochemistry programs through CET89 and, hence, MuCET. It was therefore

necessary to produce a modified version of MuCET to accommodate the new format for the

high-temperature thermochemical data; this modified version of MuCr was named EXMuCET.

Comparisons between MuCET and EXMuCET at temperatures below 5000 K, using the same

Utrmochemical library, were performed to ensur the accuracy of EXMuCET. Overall, the comparisons

were excellent, but small differences in computed values were observed at temperatures below about

MuIMr is a vwmsm of NASA's CUM6 adapud fwr mey m wilhI M-empslbI dem3p cmpum, It wu pndnmd by

ER Frssdm & Aociam mind is icammd to di U.S. Army.
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3,000 K; thee were caused by the occurrnce or no occurnai of condensed phases. Since EXMuCET

is intended for use primarily for temperatures above 5,000 K. the differences associated with inclusion or

noninclusion of condensed phases are not considered important; their presence is ignored in all of the

subsequent comparisons discussed here. Some standard propellants (e.g., M30) contain inorganic additives

that result in the formation of condensed phases at chamber conditions. When necessary, these

formulations have had such additives deleted from their compositions when entered into the codes; they

are referred to as p-seudop elants. Additional details can be found in the appendix.

To determine the importance of ions on the thermodynamic calculations, eight propellant systems

(listed in Table 1) were investigated with the formation of ions both permitted and forbidden over a wide

range of electrical energy inputs, which produced computed temperatures in excess of 13,500 K.

Table 1. Propellan Systems Investigated With and Without Ions Permitted

1. Pseudo M30
2. WC890
3. JA2
4. M9
5. MI
6. Decalin + white fuming nitric acid
7. Decalin + 70% H20 2
8. Red fuming nitric acid + unsymmetrical dimethyl hydrazine

The differenes in ballistic energies for the two conditions (ions included vs. no ions included) for

pseudo-M30 and JA2 over a wide range of electrical energy densities (kilojoules of electrical energy added

per gram of propellant) are shown in Figure 3. This figure shows that ther is virtually no difference up

to 10,000 K (solid square), corresponding to electrical energy densities of 22-23 kJ/g. The results are

similar for the other six propellant systems investigated. The maximum percent differences in ballistic

energy for the eight propellant systems at each electrical energy density (the pmpenm system producing

the maximum percent difference may differ at each electrical energy density) are displayed in Figure 4.

(See Appendix G of the overall appendix for details on all eight propellant systems.) As would be

expected, this curve is similar in appearance to the ballistic energy difference curve of Figure 3.

In fact, for temperature approaching 12=00 K (electrical energy density of 34 kJ/g), the maximum

percent difference is less than 1.0L. Thus, based upon the criteria stated in the previous section, the

6
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inclusion, of io.Ins in fthroymi clalamlgioIs udnpoutL liMafosf di prgra Of Choiece In

moify for EMC propelx is I BLAKE with a suitably prepared library valid over the range

3,00-10,00 K (or bigher)

The contents of the new library (which will be called the extended library bene, in distinction to the

standard library) were limited by the following two consadnts: BLAKE cumno deal with mome than

29 gaseous species in any orne aun arid theme were no data for compounds of potassium or magneieuum (fth

two elemans most commonly occurring In Inorganic additives) In McBride's files. Thereore the new

libray was limited to 31 gSes, arid innondne phases were included. lbege 31 gases comprise

29 species containing C. H, N, or 0, or combination of them, plus helium aid wpmou Me limit of

29 gases means ftha, in die few cases in which either heliumn or argon is included In dft chamber, a REJect

instuction would be needed. To avoid this requirement (which is unpopular with somue rs), the

CONsftient instrctions for the Species 03 and H2C=C have been displaced by sax columns (resulting in

their omission), but their SIR instnctons hafe been left intact. These specie are almost newe significant

In ETC comýputations If a need for either of diem should aris, It is a simple mate to, restor them.

4. NBLAKE AND 11S LIBRARY

Thne revised program has been temporarily named MEAKE to make It easer for testers to keep bodh

fth old and new programs in their computers When testing is completed, the name will revert to BLAKE,

version 218.0.

lihe only major change to the program concems. die way It handles the library. lie primary concern

was to attempt to miniamiz the chance of using die stndard library in place of the extended library anid

vice versa. The selection of the library is made by the user prior to runining the program, either by

explicitly copying fth appropriate library fmM storag to die libar file, or (preferably) by choosing one

of two batch files (each specific to a particular library) that accomplishes die sane result. lie only way

that user will be aware tha they have made fth wrong choice will be if diey attempt to use die extended

library on a formulation containing element other than C, IL 0, or N (the progra will Immedialely

abort). It seemed desirable, at die least, to primt ibnformatioIdentifying the library thie was used. This

Infotmation is now stord in the firs line of die alphaanmeric fie of each library. As a remit, die new

library cannot be used with any preceding version of BLAKE, arid older veridons of the libray will not

wornk with the new poogrm.



A few revisions were made in the standard library as follows: the data for the condensed phases of

K2S, K2CO3, mid 1(2S04 were revised die species HNO, Al0 2, mand AX3 3 were added- and the Vpecia

C2H mnd C2N were removed.

Some lesser changes were made to die progmu as follows. (1) The output Oem die COblposition

blrtrucima has been reformatted to fit into go ohanns. (2) Mlany, but mat alL of the messages VpI -,ed

by thee program have been changed fbun All UPP~ER CASE to the converadama mixiur of U~ier and

Lower Cue. (3) Time DATe instruction is no longe active. Tie program w i gnoreit It f used but will

no isaue ma error message. (4) lhe COAT (Cobmnf F) kiuhuuction ha been deletd. T e lpro-a wil

ignore It if used but will not issue man err message. (5) Mie PO~mula hintructian has been chmagd so

permit a formula name to be redefined In the same run. (6) Tie defaralt of tdo EBb Iintruction ha been

changed from uoflu to Oom. Alo. fth appearance of the echoed imstructions has bee on dmgd. (7) Ite

program can now opdionally read a fie containing Ingrediant data. (8) Some dhamnges have been made in

the lis of preatored lngreduient some other diarage had been made prior to die pruen work. (9) Ile

FORmula Iinstruction was modified to permit die optional entry of energies in joalesnolle Insteadl of die

default ilclrudne.(10) The GUN instruction was moedifiled to permit die direc entry of elecrica

energy into the system.

Further details on all of these changes will be found in the progran dou- tto befng pepared

5. TES CASES AND RESULTS

Onwe die pbogram, was modified, two imnportmnt questions remalued: (1) Did fte extended temperature

Ilibrary produce equivralent results with the standard library for oveulapping temperature ranges

(3X00-5,000 K)? arid (2) To what extent do fth calculated teod- 1noceical values dhange in using the
exene temper0tnre library vs. the staridad library? To address these questions, calculations were

perfoftn-ed using the two th mchemical data Ilibraries with varying electricali energy densities (equivalen

to Varying the temperatur) for five propelan systems. Three of the systems, pseudo-M30. WC890 mad

Decalilnfl0% 11202, were exothermic, while the other two. medmarel mid water, were endoftheruc. Results

for fthee of the propellan systems will be presented In this paper to ilustrate fth effects of calculationis

using the different libraries.

9



7% psW dlflfrace In ballistic euergy is computed using the following fonnuiLa

S .E. (Stadaul Lb) - B.E. (Extended I.1) * 100. (6)
B.E. (Standaud ULW)

Temperaure and ballstic ehies results at selectd electrical. sery denitides for pseudo-M30 ane

presented in Table 2 with die ;peircera difference in bulliatc euieq shown in lIgur s.

Table 2 and Pigur 5 show that for pbedobM3 in die overlapping mpnperr w=g (3X"0-500 ]K)

the diffteauces in computed temperatures and ballistic eargie. are les than 1%. Bodathed standoard u

extended BLAKE ibraries use the aume fiuttn formnul. The saduiad llbmy is eueuntilay dhe amni tha

has been used with BLAKE for yams it was based an lANA? datm that wene curren at die time. lit

extended library. on the other hand, Is new- It Is busd an kcBrde'~s independent reals.U Comsiderin

the difference In the bources of the data for tie two libares, we feel tha the computed -thermodynamic

properties wre virtually die am In the overlaping temperatute ranges. flus the libraries produce

equivalent emaits as one would hope, in the overlapping temperatan range. The perent differeces in

ballistic energies above 5S00 K. where die libraries do not have overapIng rangs, are not spignfcu*

larger in magnitude for temperature up to 10M00 K. (24% absolute maximum) but increas in magnitude

to exceed +6% am die temperatur Inceases Threfore for pueudo-hM3 the use of die extended
temgperate lbrary does not appear to, have a significant Impact on cdalcltd themochemical values amid

gas temperature exceed 10,000 K. However. thewe types of results are very dependent an the propellant

system, as Musmsaed by the final two propellan systems discussed In this paper.

Results from similar calclations for Decalin plus 70% hydrogen peroxide are given in Table 3 sad

Figur 6. As can be see from die tabe and fgRpm the differences in the computed value ame quite

significant outside of die overlapping tempeatur wange (below 3,00 K. and Above 5,000 K) with percent

differences in ballstic energy up to 25% (les than 2% in the overlapping temperature range).

Temperatur differences ame not as severe as for ballistic energy. This propellant system Ilustrates die

potential elors which can aris when the mrmoheIcP a dafta ame exraolted.

Boda previous propellant systems discuse were for exothermnic puopellanta To deterumine the effect

of ofin die different libraries for an endodbemaic popellan system, tho final system discussed wil be

methanol. Rtesults me provided in Table 4 and FIgure 7. The differences In dhis came are even mar

10



Table 2. Compuemd Temperae and Ballistic Eer Results for Pacudo-M30 Using the
Standar and Extended Temperatunm Ubraues

Elecuica
EhMW Density Temesw Ballistic PEmm Diff. B.F,

(kil) (K) (J/8_ M_
Stand. Extend Stand. Extend

0.00 3,036 3,024 4,493 4,509 -0.36

1.00 3,634 3,619 5,562 5,.588 -0.47

5.00 5.350 5,347 8,630 8,737 -1.24

10.00 6,914 6,933 11,518 11,570 -0.45

15.00 8,403 8,464 14,502 14,474 0.19

20.00 9,837 9,943 17,529 17,947 -2.38

25.00 11,191 11,314 20,470 21,737 -6.19

2.00 Pseudo M30 Propellant
Standard Vs Extended-Temp library

~0.00

-2.00

S-4.00

Q -6.00

-6.00' ....

2000 400. 6000 800 10000 12000
Temperature (K)

Figure 5. Percent differene in cofmmted ballstic enern usingf doe extended aenmuemd tUidard

libraries for mxUd-M30.
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"Table 3. CmphMd Tempemu ud BalUisdc Engy Remaim for Decalin PFts 70%
Hydrogen Perxide Using dw SNdaid and Exiended Teme Libraries

EDecndcl
FEnrg Density TeerMute Balisc Energy Diff. B.-

(kJ/8) (K) (/g) (%)

Sumd. Extend. Scand. Exhm&

5.50 2465 2,410 6.247 5,094 18.46

6.00 2601 2,756 6.660 5.938 10.84

7.00 2,875 2,839 7,489 7,211 3.71

8.00 3,152 3,119 8,322 8,195 1.53

9.00 3,436 3,406 9,180 9,0M5 1.03

10.00 3,727 3,700 10,071 9,973 0.97

15.00 5,156 5,118 14,698 14,514 1.25

20.00 6,404 6,312 19,191 18,300 4.64

25.00 7,509 7,367 23,732 21,392 9.86

30.00 8,511 8,345 28,494 24,153 15.23

35.00 9,431 9,268 33,571 26,778 20.23
40.00 10,283 10,156 39,126 29,315 25.08

30.00
Decalin + 70 Percent Hydrogen Peroxide
Standard Ve Extended-Temp Library

4)25.00

-20.00

•.0

I..15.00

1 10.00

v. 5.00

0.00
2000 4000 . 00.5000 10000 12000

Temperature (K)

FIg=r 6. Pmmau dlfftrene In L, mi ived bailsdc ewna usin the extnded eMwerute and studard.
libraries for Decalin lus 70% bvdmatu neroxide.
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Ta"le 4. Computed Temperaum and Baflistic E= Results for Mcwhaxo Using the Stadmad
and Extended Temperastur Libsurkes

Elecoric

Energy Desity Tempermum Balistic Ewg Duff. B.E.
(k Jg) (K) WOJ/_ _ (%)

Saw& Extend Stood. Extend

8.00 2,619 2,576 7,264 6.564 9.64

9.00 2,880 2,846 8.123 7.845 3.42

10.00 3,154 3,125 9,032 8,916 1U.8

15.00 4,544 4,=28 13,864 13,800 0.46

20.00 5,768 5,743 18,541 18,252 1.56

25.00 6,835 6,790 123,165 21,852 5.67

30.00 7,799 7,739 28,048 24,880 11.29

35.00 8,688 8,627 33,380 27,593 17.34

40.00 9,515 9,475 39,.300 30,129 23.34

45.00 10,3.59 10,384 46,715 32,765 34.09

50.00 10,999 11,126 53,803 34,788 35.34

40.00 Methanol
Standard Vs EzLended Temp Library

3. 20.00

".4

4) 10.00

O,0 ,, ,. . .,. . . ,, ......... ,. . . . . . . . . .,

20 .4000.o o 8o0030. iOOoo.
Temperature (K)

Figure 7. Pan=m dlftn in cmm d bisic nemy usw fthe eeded mvem ntu ad stda
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d im in the prevkous two cam. Suz diffnces M appuieuy marn pumnso d with

cai�b efi systems. The reasm for dfs may be ciowe d at a lai' d .

6. SUMMARY

Rtesu prsented in ris piper have shown thm t•e formaion of ions cm be safely Wwfed in

temodyn Anic computadom for ballisdtc qaplicmlom am t mperamr up to at ea 10,000 K. Usini dma

from NASA's Lwis Research Cener, a new libtay for BLAKE for use at empermures betwem 3,000 K

Ad a least 10,000 K has been creased. Some minor modilcaidons have been made in the popon to

huae is use with ETC syaems. Qompuxisan of numb below 3,000 K and above SAWOO K show some

sisnificut diffeences in computed -hPumodemicul dam bween t die two libraies. especlafly with

caon -defi pmpe sysms.
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ABSTRACT

The goal of this task was to produce a tmodynhlnics pqr amm ids acompy-i Ubray for use
with e-e mal-combusn propellan (ETC) systems at amperatures up to 10,00 K. It was first
necessy m dede whePhdr oms had to be taken ino accout in such a program. For this pupmpe. a new
program called EXM9(ET was produced. It is a modificlan for use at temperatures above 6,000 K of
an eadier propm cWlled MuCE, a m. cverion of the NASA-Lewis- tmodi vlsy v prfrun
CES6. Th& progrnm was aglied to 9 diffetem propellan mixes; the results siowed tt the ftmation
of ions could be safely neglected at tempmmes up to 10,000 K at the gas de• ies to be expeed n
ETC formulaons. ThWs mesa tht 'Blake' would be te propumn used.

A 'Blake' library for the temperatue range 4,000 K-10,000 K was created and tested. The ftest
consisted of compating result hon the new library with thome obtained usingdie a t tdard
libray In Ot overlap aemperatr ane, 4,000 K-S,000 K The resuls of the tesling depenl ID a mall
IeIterPn on whether the REJec instructions are used. Overall the differencs in Impetus between th two
no of esults me ms tihan 03%.
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1. INrhODUCFION

A. Background.

1. An eetoera-combustion (ETC) Sun derives part (but not usually all) of its enuergy from a
high-powe electrical dodiscag. One of the consequencs of this discharge is that Iirtialy the chamber
temperatures ame very high (10,00-20,00 K), which may cause ionization.

2. Thue computation of the performance of any gun requires for its input thermodynamic dam about
its propellant. flue 'Blake' code is out of the most widely used progrinms for such calculations, but It has
drawbacks for application to ETC problems:

a. Met heat capacites of the products in its library are fitted as a function of temperature only
up to 5,000) K.

b. Mflu empirical formula that It uses for fitting is not well-suited for covering the enire
temperatrernge from, say, SW0 K to 10,000 K.

c. flis code carnnot deal with systems containing ions.

B. Goals. The objective of this task was to provide a unified themoynaic code that can produce all
of the customary therocheicl data for candidate electrothermal propellamts. This code is to have dhe
folowing features:

1. It will be a unified thrmdynamics code that produces all of the customary throhemical data
for candidate elcrtemlpropeliants

2. It will cover the temperature range from 1,000 K wo 10,000 K or higher.

3. It will furnidi the frozen gamma of the equilibrium composition.

4. It will estimate the covolume of the equilibrium system.

IL APPROACH

A. Possible Codea. There are essentially only two choices for the code. either 'Blake' or the
NASA-Lewis code, CETS (or variants of it or of its predecessor, CET86).

I. CETS is an outstanding program with major advantages and major disadvantages.

a. It can easily work with ions.

b. BUT: It works only for ideal gases, and therefore caruxt estimate covolumes. If it were to
be adopted, a modification or a separate program would have to be developed to suppy this deficiency.

2. in most reqiects 'Blake' does not run as easily as CET89, but it was designued for use primarily
with non-ideal gases and the propellant covolume is one of its primary outputs. If it can be showni that
the fournation of kon is not of importance at tmperatures up to 10,00 K. then 'Blake' will bechsn
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1hm will rmasin the lesser task of prkfan exmeded tmper i libM fo r use with th

B. S•ibesb. The task was broken down into the following subtasks:

1. Search for thermodynamic data at temperatures up to 10,000 K for significant species.

2. Devise a way of deciding the extent to which ions we formed at temperatures below 15,000 K.

3. Based oan the these results, choose either CE(89 or 'Blake'.

L If ions are significant. then choose CETU 9 and devise a means of estimating covolumes.

b. If ions am not significant, then choose 'Blake' and fit the -modynamic data accordbny.

C. Themrodyamnc Data. he quest for thermodynamic dam was ended even before it started.

I. Bonnie McBrde,, National Aeronautics and Space AdmWn aton Lewis Research Center
(NASA LRC), Cleveland. Ohio, kindly fundshed to the U.S. Army Research Laboratory (ARL) a set of
coeffcients that permit computations up to 15,000 K (and 20,000 K in some cases) for about a hundred
speces.

2. The format of these tables was different from that used in all of the NASA thermodynanic
programs. Hence it was necessary to modify one of them to accept the new format. MuCET. a
modificadon of CETS6 for microcomputers, was selected for this purpose. The new program was named
EXMuCET.

i1. PREPARING EXMuCET

A. Descripdon of the Format.

I. In all of the NASA-Lewis thnncemsry programs through CETS9, the heat capacity, Cp.
enthalpy, H, and entropy. S, were represented by the empirical formulas

Cp/R - a + b*T + c*TA2 + d*TA3 + C*TA4 (1)

HEVRT - a + b*Tt2 + c *TA2/3 + drTA3/4 + eT4/5 + f (2)

SIR =-aOl) + b*T + c*TA2/2 + d*TA3/3 + e*Tvr4/4 + g (3)

R is the gas constant, so Cp)R and S/R are dimenionlessi lkewise, H/R*T is dimensionless. It should
be noted that Cp, H, and S are functionally related:

H = fcpdr + constant and (4)

S= f[cr/Tlr + constant. (5)

The integration constants in Eqs. (4) and (5) ame denoted by fand g in Eqns. (2) and (3).
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2. The fitting rnsge is split from 300 to 1,000, uid I 000 to SM0., the values of the tre functions
an forced to match at the boundary (I,000 K). This makes for 2 sets of a. b. ... g. (For ballistic
applicadion it might be more useful to make the fiting ranges 1,000--2.5, 2,500-6.000, but this point
wll now be punmed at this time.)

3. In theory this same format could be used for higher temperatures (meaning up to at 10.000 K.
and perhaps up to 20.000 K). Itead McBride improved dte accuracy by splitting de fiting range ino
3 pares, with boundaries of 1,000 and 6"000. This format will be called here the "intermediae format."

4. Lamer, hie adopted a diffenm format, called hem the "new format":

COM -= /lA2 + bw 1 + c + dT + e.TA2 + fTA3 + STA4 (6)

H/RT - -WT•2 .(bIT).InT) + c + dTf2 + eT TA2/3 + f*TA3/4
+ gTAO/ + bVr (7)

SAR - -*U*-TA2) - biT + clnCI) + dT + e*TA2f2 + f&TA3W3
+ g*TA4A + I i)8

H and S ar related to Cp just a they were before. The co nsa,nb, .. . g am of coue differem
fmm a, b,.. .,g in Equs. (1)-(3); h and Iam integration constants. Throughout this report, it is this
fonnat (Eqn. (6)-{8)) dhat will be referred to as the "new" format.

S. For die rPerd it should be noted that McBride included provision for an 81h term (JTA5) in
Eqo. (6) with ce terms in (7) and (8). To date this tem his not been used.

B. DaLW of the Changa.

1. Examination of C(E86 showed that only 3 subrutnes had to be modified: LIIERh SEARCI,
and CPHS. Tethnically. Subroutine HCALC should also have been modified, but it was decided not to
do so. This subroutine serves to compute the entalpy of formation of some (not all) Input speies. ITis
feature Is somewhat useful, but its function is laely superseded by Program PREP, which was produced
last year by EF&A. (See the documenaton of PREP for futher details.)

2. The programming was complicated by the need to allow for the future addition of the am j"

inCp.

3. In addition, two potential difficuldes were uncovered.

a. he ranges of the original format were usually 298.15 (or 300) K to 1.000. and 1,000 Ao
5.000 (or 6,000) K. at lean for aes. For liquids, either there was only one range, 300 K to boiling point,
or else the two rangs were 300 to I=100,000 to boiling point, depending on whether the boiling point
was below or above 1,000 IL The case with solids was similar, either 300-meling point, or 300-1,000,
1.000-melting poin. In all cases, however, the actual ranges were part of the input for each species and
ths were available to the program throughout its execution. Therefore, when computations were being
fun at temperature Tx. the program could decide f Tx was above or below the melting (boiling) point of
a solid (liquid), and take appropriate action.
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b. in the new format, the ranges are fixed: 300-1,000, 1,000-6,000, and 6,000-10,000. (Note
that all three ranges are not necessarily used for every specie the actual number of ranges used is put
of the input.) No provision has been male for inputkig melting or boiling points. In theory this is not
necessary, because only the phase with the most negative free energy can form. In practic however,
owing to artifacts of the fitting process, it is possible for the program to find
thermodynamicaliy-lmpossible phases. This problem has been sde-stepped.

c. The second difficulty was similar in some ways. The upper ends of the fitting ranges are not
the same; while some of them are 20,000 K. most of them are only 5,000 or 6,C00 K. The actual value
depends on the available thermohemical data, which in turn reflect physical realities.

d. The new program originally included a test that ensured that the thermochemical fntions for
a given species were not evaluated outside the species' fitting range. The rason for including this test
was indisputable: Owing to the unknown behavior of the fitted thermodynamic functions outside their
range of validity, it is possible for the computation to come up with a species under conditions where it
is thermodynamically impossible for it to exist. Eventually it was discovered that, in the course of
converging, the progran occasionally produced intermediate temperatures that were outside the fitting
ranges of some species. (NASA's CET"6 exhibits similar behavior.) The range check was deleted and
the program worked well.

C. Iniia Testing Using a Mod4fled "Old" Library.

1. Testing was accomplished by comparing results of EXMuCET, the new program, with those from
MuCET, a version of (ET86 produced by EF&A specifically for use with microcomputers. It was
essential that this testing procedure compare only programs, not thermodynamic libraries. For this
purpose, 2 additional programns were written.

a. Program OLDINT converted the standard library furnished by NASA's Lewis Research Center
for use with CET86 to the intermediate format described in III A 3 above.

b. Program INTNEW convened the library in the intermediate format to the new format Note
that these conversions were accomplished strictly by reformatting the libraries, and adding zeros for the
coefficients of powers of T that were not present in the original format. No refitting was done by either
program.

c. These two programs were themselves tested by inspection of the results. As an example of
this masformation, here are the entries for CH3:

Original Format:

CH3 J 6/69C 1.H 3.0 0.0 0.G 300.000 5000.000 15.03470R 1
0.28400327E 01 0.60869086E-02-0.21740338E-05 0.36042576E-09-0.22725300E-13 2
0.16449813E 05 0.55056751E 01 0.34666350E 01 0.38301845E-02 0.10116802E-05 3

-0.18859236E-08 0.66803182E--12 0.16313104E 05 0.24172192E 01 0.00000000 4
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New Format

CH3
2 J 6/69 C 1.O0H 3.000 .000 .00 .00 0 15.03470 .000 006E.00

298.150 1000.000 7-2.0-1.0 .0 1.0 2.0 3.0 4.0 .0 .OO OOD.00
.OOOOOOOOD+00 .34666350D.1O .38301845D.02 .101 16802D.- -.18859236D.08
.66803182D-12 A0000000D+0 .16313104D+05 .24172192D+.01
1000.000 5000.000 7 -2.0 -1.0 .0 1.0 2.0 3.0 4.0 .0
OOOOOOOO 00 OOOOOOOD00 .2 27D+01 .6066906D0 -.21740338D-05

.36042576D-09 -.22725300D-13 .00000000D+00 .16449813D+05 .55056751ID401

Th placement of dt hiegh tempertue data before the low temperature oues in ft original fAmnt wu

one of ft little details that complicated an otherwise straigiforward programming chne.

d. Using these new pogramns, ft standard NASA library, FELE4DAT, was trmsfomed to ft

new format the resulting library was named NEWFILE.DAT. A number of test caes wen nun with

Mu(CT and EXMuCET using F1LE4DAT or NEWFUE.DAT, aspprapdate.

e. Overall the comparson was excellent but a problem caused by the ocomuce (or non-

occurrence) of condensed phases was revealed. MTe magnitde of this problem in a trcd cane can be

seen by comparing the output from 3 runs.

Run A: MuCET with F.LE4DAT, no species omitted.
Run B: MuCET with FLEWDAT, all condensed spcies omitted.
Run :. EXMuCET with NEWFLE.DAT.

RUN: A B C

THEFMODYNAMIC PROPERT-I

P. MPA 214.56 214.49 214.49
T, DEG K 2999.8 2998.8 2998.8
RHO, KG/CU M 200.0 200.0 200.00
H, ICJ/KG -508.57 -508.88 -508.88
U, KJ/KG -1581.35 -1581.35 -1581.35
S. KJ/(KG)(K) 9.4105 9.4104 9.4104
CP, KJ/(KG)(K) 1.9638 1.9644 1.9644
CP FROZN, J/3-K 1.8672 1.8668 1.8668
EQUILIB GAMMA 1.2275 1.2275 1.2275
FROZEN GAMMA 1.2369 12370 1.2370
IMPETUS, J/0 1072.8 1072.5 1072.5
BALLERGY*, JIU 4528.5 4525.6 4525.6

* Baltergy ImpeuuI(gmmi - 1)
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A mm smitive comparison is fuimiuhd by the compaion of the computed mole fractiom:

Run A B C

N2 0.27696 1 N2 0.27698 1 N2 0.27698
CO 0.27467 1 CO 0.27469 1 CO 0.27469
H20 0.24156 1 H20 0.24163 1 H20 0.24163
1H2 0.13166 1 H2 0.13173 1 H2 0.13173
C02 0.06932 1 C02 0.06933 1 C02 0.06933
HF 0.00179 I HF 0.00149 1 HF 0.00149
H 0.00124 1 H 0.00123 1 H 0.00123
OH 0.00077 1 OH 0.00077 1 OH 0.00077
NAOH 0.00076 I NAOH 0.00077 1 NAOH 0.00077
NH3 0.00038 1 NH3 0.00038 1 NH3 0.00038
NA 0.00016 1 ALF20 0.00023 1 ALF20 0.00023
AL203(L) 0.00011 1 NA 0.00017 1 NA 0.00017
NO 0.00011 I NO 0.00011 1 NO 0.00011
HCN 0.00011 1 HCN 0.00011 1 HCN 0.00011
ALF20 0.00008 1 ALO2H 0.00007 I ALO2H 0.00007
HCO RAD 0.00006 I HCO RAD 0.00006 1 HCO RAD 0.00006
(HCOOH)2 0.00005 1 (HCOOH)2 0.00005 I (HCOOH)2 0.00005
HCHO 0.00004 1 HCHO 0.00004 1 HCHO 0.00004
NAH 0.00003 1 NAH 0.00003 1 NAH 0.00003
NAF 0.00003 1 NAF 0.00003 I NAF 0.00003
HNCO 0.00003 1 HNCO 0.00003 1 HNCO 0.00003
ALO2H 0.00002 1 NACN 0.00001 1 NACN 0.00001
NACN 0.00001 1 NH2 0.00001 1 NH2 0.00001
NH2 0.00001 1 CH4 0.00001 1 CH4 0.00001
CH4 0.00001 1 ALOH 0.00001 1 ALOH 0.00001

I ALOF 0.00001 1 ALOF 0.00001

f. Evidently the effect is real but quite small. Since ETC propellants do not form any condensed

phases at chamber conditions, the problem is not serious.

g. Anodhr way of looking at this same problem is to consider the effect of adding electrical

energy to a propellant mix that forms graphite "Mid carbon) in the absence of added energy. Such a

composition is a stoichiometric mixture of decalin wirh 70% hydrogen peroxide.
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Using FILE4.DAT, MuCET gives

DECALIN + 70% HYDROGEN PEROXIDE + VARYING ENERGY

WT FRAC ENERGY S T
CHEMICAL FORMULA KJ/KG-MOL (K)

FUEL C 10.000 H 18.000 1.00000 -230538. L 298.1
OXID H 2.000 0 2.000 .70000 -187778. L 298.1
OXID H 2.000 0 1.000 .30000 -285830. L 298.1

THERMODYNAMIC PROPERTIE

Elec Nrigy, J/G 0 1000. 2000.
U, J/G -5145.85 -4145.85 -3145.85
P, MPA 99.797 123.77 150.32
T, DEG K 1271.7 1431.0 1586.9
CP EQ. J/G-K 7.1134 8.2267 7.9425
CP PROZ, J/G-K 2.7930 2.8810 2.9433
EQUILIB GAMMA 1.1326 1.1427 1.1589
FROZEN GAMMA 1.1634 1.1766 1.1918
IMPETUS, J/G 499.0 618.9 751.6
BALLERGY, J/G 3052.9 3503.7 3919.1

MOLE FRACTIONS

HCHO 0.00002 I HCHO 0.00005 1 HCHO 0.00010
(HCOOH)2 0.00002 1 (HCOOE)2 0.00002 I (HCOOH)2 0.00003
CH4 0.26007 I CH4 0.24128 1 CH3 0.00001
CH3OH 0.00001 1 CH3OH 0.00001 1 CH4 0.22032
CO 0.10092 1 CO 0.19191 1 CH3OH 0.00002
C02 0.09098 1 C02 0.06541 1 CO 0.27833
C2H4 0.00004 1 C2H4 0.00015 1 C02 0.04009
ETHANE 0.00052 1 CH3CHO 0.00001 1 C2H4 0.00001
H2 0.14913 1 ETHANE 0.00068 1 KETENE 0.00001
1H20 0.22097 1 n-C3H6 0.00001 1 C2H4 0.00039
C(GR) 0.17731 1 PROPANE 0.00001 1 CH3CHO 0.00001

I H2 0.21653 1 ETHANE 0.00081
I 1H20 0.16898 1 n-C3H6 0.00002
1 C(GR) 0.11495 1 PROPANE 0.00001

1 H2 0.28297 IH2 0.34901
1120 0.11972 1 120 0.07599

1 C(GR) 0.05715 1 C(GR) 0.01526
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11URMODYNAMIC PROPERTIES

Elec Nigy. J/G 3000. 1 4000. 1 5000.
U, JIG -2145.85 1 -1145.85 1 -145.35
P. MPA 180.97 1 217.04 I 257.55
T, DEG K 1763.2 1 1978.7 1 2234.5
CP EQ, J/G-K 6.7622 1 5.5394 1 4.7839
CP FROZ, J/G-K 2.9964 1 3.0536 1 3.1056
EQUILIB GAMMA 1.1789 1 1.2074 1 1.2124
FROZEN GAMMA 1.2065 1.2189 1.2278
IMPETUS, JIG 904.8 1 105.2 1 1287.8
BALLERGY, J/G 4381.9 1 4957.0 5651.9

MOLE FRACTIONS

HCHO 0.00015 1 HCHO 0.00022 1 HCHO 0.00028
(HCOOH)2 0.0002 I (HCOOH)2 o.ooo00 I (HCOOH)2 0.00001
CH3 0.00005 1 CH3 0.00O17 I CH3 0.00053
C14 0.19312 1 CH4 0.15654 1 014 0.12068
CH3OH 0.00002 I CH3OH 0.00002 1 CH30H 0.00002

CO 0.34392 1 CO 0.37579 1 CO 0.38422
C02 0.02050 I C02 0.00900 1 C02 0.00385
C214 0.00005 1 C2H4 0.00030 1 C014 0.00144
KETIENE 0.00003 1 KETENE 0.00007 I KETENE 0.00013
C2H4 0.00089 1 C214 0.00177 1 C2H3 RAD 0.00002
CH3CHO 0.00002 1 CH3CHO 0.00002 I C2H4 0.00313
ETHANE 0.00090 C2H5 0.00001 1 CH3CHO 0.00003
n-C3H6 0.00004 ETHANE 0.00088 I C2115 0.00004
PROPANE 0.00001 1 PROPYNE 0.00001 1 ETHANE 0.00078

ALLENE 0.01 I C3H3 RAD 0.00001 1
C3H5 RAD 0.00001 1 PROPYNE 0.00006 1
n-C3H6 0.00009 1 ALLENE 0.00005 1

Using NEWFILE.DAT, EXMUCET gives

DECALIN + 70% HYDROGEN PEROXIDE + VARYING ENERGY

WT FRAC ENERGY S T
CHEMICAL FORMULA J/KG-MOL (K)

FUEL C 10.000 H 18.000 1.00000 -230538. L 298.1
OXID H 2.000 0 2000 .70000 187778. L 298.1
OXID H 2.000 1.000 .30000 285830. L 298.1
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THERMODYNAMIC PROPERTIES

ELEC NRGY, J/G 0.0 1 1000. I 2000.
U. JIG -5145.85 1 -4145.85 1 -3145.85
P, MPA 94.913 1 119.50 1 147.73
T, DEG K 1220.6 1 1392.1 I 1567.4
CP EQ, J)G-K 6.8719 1 7.3472 1 7.1432
CP FROZI J/G-K 2.7409 1 2.8463 1 2.9285
EQUULB GAMMA 1.1364 1 1.1534 1 1.1730
FROZEN GAMMA 1.1653 1 1.1776 1 1.1918
IMPETUS. JN 474.6 1 597.5 1 738.6
BALLERIGY. J/0 2870.8 1 3364.9 1 3851.3

MOLE FRACTIONS

HCHO 0.00002 1 HCHO 0.00005 1 HCHO 0.00010
(HCOOH)2 0.00002 1 (HCOOH)2 0.00002 1 (HCOOH)2 0.00002
CH4 0.43043 1 CH4 0.34248 1 CH3 0.00001
CH3OH 0.00001 1 CH3OH 0.00001 1 CH4 0.26689
CO 0.18553 1 CO 0.26984 1 CH3OH 0.00002
C02 0.15400 1 C02 0.08467 1 CO 0.32442
C2H4 0.00013 1 KETENE 0.00001 1 C02 0.04286
CH3CHO 0.00001 1 C2H4 0.00030 1 C2H2 0.00001
ETHANE 0.00151 1 CH3CHO 0.00001 1 KETENE 0.00001
n-C3H6 0.00001 1 ETHANE 0.00138 I C2H4 0.00058
PROPANE 0.00002 1 n-C3H6 0.00002 1 CH3CHO 0.00002
H2 0.10379 1 PROPANE 0.00002 1 ETHANE 0.00119
H20 0.12453 1"H2 0.18055 1 n-C3H6 0.00003

I H20 0.12064 1 PROPANE 0.00001
I H2 0.26417
1 H20 0.09966

THERMODYNAMIC PROPERTIES

ELEC NRGY, J/0 3000. 1 4000. 1 5000.
U, J/G -2145.85 1 -1145.85 1 .145.85
P. MPA 180.16 1 217.04 1 257.55
T, DEG K 1758.8 1 1978.7 I 2234.5
CP EQ. J/G-K 6.4774 1 5.5394 1 4.7839
CP FROZ, JIG-K 2.9959 1 3.0536 1 3.1056
EQUILIB GAMMA 1.1922 1 1.2074 1 1.2124
FROZEN GAMMA 1.2062 1 1.2189 1 1.2278
IMPETUS, J/G 900.8 1 1085.2 1 1287.8
BALLERGY, J/G 4368.4 4957.0 1 5651.9
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MOLE FRACTIONS

10CHO 0.00016 1 HCHO 0.00022 1 HCHO 0.00028
(HCOOH)2 0.00002 1 (HCOOH)2 0.00001 1 (HCOOH)2 0.00001
CH3 0.00005 1 CH3 0.00017 CH3 0.00053
CH4 0.20485 1 CH4 0.15654 1 CH4 0.12068
CH3OH 0.00002 1 CH3OH 0.0002 I CH3OH 0.00002
CO 0.35719 1 CO 0.37579 1 CO 0.38422
C02 0.02032 1 C02 0.00900 1 C02 0.00385
C2H2 0.00006 1 C2H2 0.00030 1 C2H2 0.00144
KETENE 0.00003 I KETENE 0.00007 1 KETENE 0.00013
C2H4 0.00101 1 C2H4 0.00177 1 C2H3 RAD 0.00002
CH3CHO 0.00002 1 CH3CHO 0.00002 1 C2H4 0.00313
ETHANE 0.00101 1 C2H5 0.00001 1 CH3CHO 0.00003
n-C3H6 0.00005 1 ETHANE 0.00088 I C2H5 0.00004
PROPANE 0.00001 1 PROPYNE 0.00001 i ETHANE 0.00078
1H2 0.34404 1 ALLENE 0.00001 1 C3H3 RAD 0.00001
H20 0.07115 1 C3H5 RAD 0.00001 1 PROPYNE 0.00006

1 n-C3H6 0.00009 1 ALLENE 0.00005
I PROPANE 0.00001 1 C3H5 RAD 0.00003
1 H 0.00002 I n-C3H6 0.00015
I HCO RAD 0.00001 1 PROPANE 0.00001
I H2 0.41098 1 1,3-C4H6 0.00001
I 120 0.04406 1 H 0.00009
1 HCO RAD 0.00002
1 H2 0.45978

1H20 0.02462

At temperaturet of 1,587 K and below, MuCET shows C(gr) in the products; there are moderate

differences in the thermodynamic properties computed by the two programs in the same region. This

difference decreases at 1,759 K and vanishes at 1,979 K. This point could have been made even suonger

by adding energy in increments smaller than 1,000 JI/g. Since EXMuCET will be used primarily for

temperatures above 5,000 K, this problem with the omission of condensed phases is not important and will

be ignored.

D. Initial Testing Using the Extended -New" Library.

1. Early tests with EXMuCET using McBride's extended library gave terrible results.

a. The most serious problem was that the new (extended range) library gave flame temperatures

around 9,300 K!
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b. Furthermore, many of the test cam would not even nm with the extended library. The output

gave the uninformative message, SINGULAR MATRIX. This was eventually traced to the lack of data

for compounds of potassium, sodium, fluorim, aluminum, and magnesium in the new library. These

omnpounds am used as flash suppressants or stabilizeus in many propeiants. Accordingly ali of them were

removed hfu all of the compositios; the new compositions are labelled "pudo-.. . "to emphasize this

change-

2. The previous testing of EXMuCET using the transformed standard library had given no indications

of trouble (see- n C, above). Based on those resuls, we looked elsewhere for the problem. The first

hypothesis wau ..,A theme was a problem with the database. In view of the well-deserved high reputation

of NASA's Lewis Research Center, this hypothesis seemed very unlikely, but it could not be ruled out

a prorL As will be seen below, this hypothesis was false.

3. Testing the data base required writing a new program, CALCTILFOR, whose purpose was to

generate tables of the thermodynamic functions. The results for N atoms were obviously incofree This

problem was readily corrected. It turned out that there was a similar problem in Subroutine EXUTI'HERM

in EXMuCET, which was also corrected.

E. Testing EXMuCET with D4frerent Libraries. It was shown above that EXMuC"T gives the same

results with McBride's standard library transformed to the new format as MuCET does with the standard

untransformed library. The more interesting question remained, Would EXMuCET give the same results

at temperatures below 5,000 K with the extended library as MuCET does with the standard library?

I. To this end, a DOS batch file, TESTLIBS.BAT, was written (see listing in Appendix A). This file

first creates two binary libraries for use with EXMuCET. The first library was taken from the NASA

library distributed with CMF89 (suitably transformed for use with EXMuCET--see above for details). The

second library was McBride's extended library. The two binary librries were saved for later use. The

same test cases were run with each library and the results compared.

2. It was deemed necessary not only to nun a number of different test cases, but also to nm each of

them with a series of added electrical energies so as to be sure of covering the temperature range up to

5,000 K and even a little beyond. Generating the input for such tests was too tedious to be undertaken
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by hand, so a QuickBaic program, MLAEB .BAS, was wr=n hat wamatwo most of the wark. It s

listed in Appendix B.

a. The um Inpts t desired stardtn atigy, ft ener increment and tle final ematu (all in

Jouleu/g). Mwe program reads a temphate contaidnding Uinput for 8 propellants. inclhin ft NAMMLIS,

and then produces a propeiy-fonmatzed input file for EXM[uCWT for all the compositions it each er.

next, it prodI"es a second, almost-identical ft except that in this case, the NAMELIST contains the

option, IONS--T.

b. The eight propellants or propellant systems used wen:

1. Pseudo M30 4. M9 7. Decdin+o70%E6%

2. Pseudo WC890 S. MI 8. RFNAO + UDMH*

3. JA-2 6. Decalln + WFNAO

* RFNA - red fuming nitric acid. UDMH = unsymmetrical dime"hyl hydrazine. WFNA - while
fuming nitric acd.

Detuils of dew compositions are given in Appendix C whore te template is printed.

c. tU title of each case lists te added energy a V Jouleft(; ft program changes t 0r ID

amount of added electricity cIoe by the user. Th7e NAMELT contains th option, *U=r; hem tie

progrmn ptpedy changes Ut " e toUe coet total energy of the sysmm which icnudes both Ut initial

energy of tie composition as well as Ue added electrical energy. For simplicity all of th energies ane

in Joules.

3. "li SUMMARY Ml for difierent oututs produced by EXM[u(E ar then compared by a

QuidcBuic program, COMPARE.BAS, which is listed in Appendix D.

The various files differ from each oter according to which thermodynamics library was used to

produce them, and whether or not ions were permitted to form.
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a. COMPARE idnentfies rthe d dynamics libraries being used and then es of the iput, files.

which we prined for positive leduific4at of the outpa

b- It then proceeds to compate temperanareS, impetus, Swung. and balistuic enrgiles (labelled

"ballergy" in the oupa) for my two specified flm It also various measures of qaeement

c. Tle remss obtained &f•r the final corrections to die program wer overall but sMi

"shwed probiems, at ewat th lower tn" perau Examination of the file OUITU reveled r

occrrence of dre message "ADD H20 (L) even thoupi approximate flame temperature was 3.200 K!

The upper range for the Memoynu s data for h00 (110 in the library is 40D-0 1. owing vD an

apparent defect, in the progrunming, this fact is not being used by the program so eliminate H20 WMa fiam

corin derataion This defect remains elusive in spite of additional effort. Pending its removal, all coedemed

phases (including graphite) have been elimiated from the databne. 7bis is admitedy i-nlegua on the

other hand, EXMuCET is Itended for use at temperatures above 5,000 K& wher no condensed phases

exist.

4. The final results of the various comparison are given in Appendixes E, F, and 0. The

nomenclatre for the various files is as fonlows. The root of all names is TSTLB. To this is appended

in order

S or 0 for SUMMARY or OUTPUT, respectively, and

NO or 10 for NO [ions] or 10 [kms included], respectively.

5. There are only small differences in the results produced using the standard (CET89) library

compared to those produced using Ute extended library.

L Further evidence that the two libraries ae in virtually complete agreem with each other is

shown by a comparison of the amoums of products produced by each. Appendix H gives such a

comparon for one case, composition 1 (pseudo M30) at loading density 0.2 g/cc and with 5.000 JUS

of added energy. This is an extremely sensitive test, so the agreement is quite satisfying.
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b. MWa iepoW~ of al. die mob dww cowchivaly dmt mewgnmu of wblch Umim

libiny Is mud, ft oinlimm or bdincue ot 1m bw no ebes flumbe fte pbopi of dus jor.o

with ETC pOOpelluOa it '31 ' with a Mutaby ;p;u-patI Hbray.

F. 1mruatuqf Ve'Wsg The,.wdyaik Tabka aM CookckMMU

L. Mm principal datbas on wbh ichU pmu wait Is hued is UMe act of cocficdlema fm

app mxlnatuly 133 C-H-O-N pecies obtaind hem Madrde (NASA LRtC). Me value of Uis Me ID the

Frse watt cauMe be oveisdmased ,Ui 5 comM hav bee do= witou IL. Nevauthleas whe

tdable Of thenn -dynuc dmat hr 25 C-H-O-N species wens belmody sa= t ARL by fth Natlmal

Swndaur1 Dama Reference Symem ofthe National ludnu for Smtaniud and Techno~logy (HIS!) (ftmedy

drne Natlana BuMWa of Smadard), it appeared pnudem to compare diem wit tables pofdued ofin the

LRC coefficents These secies in imed in Appendi 1.

To this end two new penpurns wens written

a. XCALCFrH4 iS a vaziuK Of thes pnrop= CALCFH previousy uMemlond in SecsM. D.3 above.

L Mmt Ibput to XCALCTH4 was an edited mubuet of Ut LRC coeffiiezm. Thi edltg

reduced it to the 28 Vpecda in the NIST tabl. mid canvemtd Utr times so tha fthy wetn kkenca in

both sets. Is* was necessay to esmn Itha idem~ica; species wets being compared.

U. lMt outpu ftm XCALCMH was a tabl of the emnpermatus T, and Ut fthr principal

thnoynunlc fwrndon: Me hea capacity, CpC) Ut enuMrpy SCI ad Me enMatpy of foemmion at

298 K plus the incuaem in emhalpy frm 298 K to T, Delta HjCM9) + H(t) - H(M9). Each ofths

emries was se off by conmmas to make them suitable for input ID Ut next pW=p.a COMpARE3.

b. CONFAIE3 Is a BASIC p~om thatd coumpae Uth two umt of tables at everyte eaur

for each speces. It was programmed to take im a&=om ft fac tha Ut, incemew in temperaure in

die two tables migbt be diffeusm (in which case only die values at ft larger incremuv wer mm) i

Ut, fac tha one tabe miik aid b eforce Utothr. T1ha wa becaus some of Ut gpecies in dr. LRC set

wet., fited only to COW &, wh ie U NIST tables wasn undbmauy to 10,00 IL
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c. The nomus of the compmlarn mm given in Appewdix J, which gives the mean iiohtis

deviaion anl the root-mebn-squan percen devistion for the fle principal •termoymic funciom.

TMs tae as been smoned in order of Inresin RMS pmenaa errmr in the crohalpy.

L. Ovemll Me compauison is satisfacoy: Only thres ies have RS eo in their

aeailpies eceeding 5%. ad they are all iom, which will be of little or o impoumrnce in d&tenbm g

ft rM Of validt of EGX "r.

U. There is no way of deciding from ts com ason daone which set of data is the beuer.

Mle impottat point is that they me consist.

IV. ESFABLISHING THE NEW LIBRARY

A. The next step was the deterination of the 29 spcIes that would constitute the new 'Blake' library.

This limit is imposed by the pop itself; it could be raised to about 35 without too much extra woik.

but there does not appear to be my compelling reasun for this change.

1. To this end. 8 propellt systems, listed in Table 1, were selected.

Table 1. Systems Studied for Deminin mportont Species

1. Pseudo M30 5. Ml
2. Pseudo WC890 6. Decalin + WFNA
3. JA-2 7. Decalin + 70% 1H2
4. M9 S. RFNA + UDMH

Tbese systems were then evaluated with EXMuCET for a wide range of added energies (from 0 to as

much as 40,000 Jig); the highest resulting temperatum was 12,924 IL The output from these calculations

was then mms d in order of decreasing mole fraction for each species, and then dl entries with mole

fractions less thn I x 10" were deleted. lbs results m• shown in Table 2.

The column labelld "Maximmn is self-explanatory. ls column labelled -Minimum' lists, for a given

spcies, the smallest computed mode fraion grear than I x lo3 for that species, and thec

temperstur4
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Ta•u 2. Cm P, t vWin soidu eshoud i ib abs UDlSM PMpeuinK Ssym

wh. Vwyfv Addid R

MAXIMUM MINIUM

Mole Mole
MAme Iji If apr•

EaM fm TamL M Em Iý
1. H2  0.5485 3675. 0.0173 12924.
2. CO 0.5062 2491. 0.0764 11793.
3. CH,4 0.4312 1217. 0.0014 8017.
4. H20 0.4278 3739. 0.0022 12924.
S. H M.3543 1179. 0.0011 29

S0 0.2 7 12924. 0.0 10 3812.
7. N o.2774 30M. 0129 12398.
8. Co 2  0.208 3812. 0.0010 8017.
9. OH 0.1446 61. 0.031 6145.

10. N 0.0926 12383. 0.0017 6281.
11. c 0.0601 12416. 0.0011 7990.
12. NO 0.0519 7517. 0.0016 3575.
13. 02 0.04M0 6281. 0.0013 5091.
14. Acetylene 0.0331 5041. 0.0012 2233.
15. CN 0.030 12383. 0.0015 4.
16. NH .0223 11793. o.0013 6281.
17. CH 0.0189 82 0.0016 8162.
18. C2H 0.0182 882 0.0010 11424.
19. HCO - 0.0109 882. 0.0010 538.
20. CH2 0.0104 8882. 0.0011 9532.
21. C(3 0.004 5041. 0.0033 882
22. C2 0.0064 12416. 0.0012 10977.
23. NH2  0.0044 11793. 0.0010 6776.
24. HCN 0.0037 9532. 0.0010 6599.
25. Edhylene 0.034 3675. 0.0010 5041.
26. CCO (radical) 0.0029 12416. 0.0012 10977.
27. O3 O.OO23 12924. 0.0013 12647.
28. H%10 0.0022 6281. 0.0010 9604.
29. Vmylidene 0.0022 6145. 0.0014 8882.

C•T-OFF for 'Blake'

HNO 0.0019 8465. 0.0010 10409.
[ELECIONS 0.0018 12924. 0.0010 12035.j
NCN 0.0018 11456. 0.0012 9280.
ETHANE 0.0015 1217. 0.0015 1217.
NH3 0.0014 11793. 0.0011 12454.

* wMinimm* here refer to the smallest mole fraction rater dun I x 10".
STMis is die radical H2C-m
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The significance of Table 2 can be made clear by examining some of the early entries in mome detail.

Hydrogen (12) is an impolant product whose concentration reaches a maximum (0.55) at 3,675 K and

then declines to 0.017 at 12,294 K, which is die highest temperature studied. Carbn monoxide (CO)

behaves similarly. Methane (CH4) reaches its maximum concentration at a lower temperature, and then

declines until it becomes 0.001 at 8,017 K; its mole fraction at all higher temperantres is less than

0.00100. Water (H20) behaves similady to 1H2. Hydrogen atom (H) is diffeent: Its mole faction is less

than 0.00100 at temperamr below 2,950 K; its concentration increases with increasing temperatm until

it reaches a maximum at 11,793 K. Oxygen atom (0) behaves similarly.

In its present form, 'Blake' is limited to workng with 29 gaseous species at any one time. Therefore.

based on the results in Table 2, the 29 species that had maximum concentrations equal to or greater than

0.0022 anywhere in the temperature range 1,217 < T < 12,924 K were chosen to be species in the

extended 'Blake' library.

2. Thermodynamic data for the five permanent gases, N2, CO. CO2. H2. and H20 were taken from

McBride's tables.

3. Thermodynamic data for all of the other species were obtained by expansion of the coefficients

in the extended library that McBride had earlier supplied to the ARL.

4. The fitting of these data to the form used by 'Blake' was accomplished using variants of

W. H. Zwisler's program, STARFIT, to which various measures of the goodness of fit had been added.

5. The thermodynamic data required for the fittings are the heat capacity as a function of temperatun:

over the desired range, and the enthalpy of formation and the entropy at some reference temperature.

a. In theory the "desired temperature range" could be chosen to extend from 300 K to 10,000 K,

but this choice would not be suitable for 'Blake' in general because the available thermodynamic data are

limited to compounds of C, H. 0, and N. It was deemed more useful to retain the original (old) 'Blake'

library for almost all calculations, and to obtain an extended (new) library only for use with

ETC formulations (which usually do not contain inorganic additives).
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b. In the initial a ~mpts a fitting. 298.15 K was -hard wired" into the progrmn a the wei--C

temperature the starting temperature was varied from 300 K to 5,000 K. Some fittings were made with

a higher reference tmperaure. Maey showed that the RMS eror of the fit decreased as the reference

temperature increased, so the fining pogrmns were modified to make both the reference temperature and

the starting temperature wpt to the progam. Survey runs showed that the RMS error was least when

these two utmpenures were the same.

c. The fim of these modified progrmns, TIrOFIS, which is listed in Appendix K. was used to

fit the thermodynamic data for the five pemanet gases. The second paogram, TIGFrITX. lined in

Appendix L, was used for fitting all of the other species. Two programs were used to accommodate the

different input formats. It would not have been difficult to adapt one of the programs to accept different

input formats, but it was simpler and faster to use different programs.

6. Certain adjustments had to be made in thde input files in order to make the comparisons meaningM.

Even when limited to C-H-N-O species, there is not a one-to-one correspondence between the two

libraries. All in all, there are 17 species that apear only in one or the other of the libraries but not in

both. REJect instuctions for these 17 species were inserted into all nun in order to ensure that the same

species appeared regardless of which library was used.

7. Seven compositons were selected for the comparison:

1) Pseudo M30* 5) MI
2) JA-2 6) Decalin + WFNA
3) Pseudo M5 7) Decalin + 70% H202
4) Pseudo M9

* Pseudo here and elsewhere means that all inorganic additives were omitted from the
formulation.

8. The next matter to be settled was the starting temperature (the final temperature would always be

10,000 K).

a. The standard (old) 'Blake' fits cover the range 500 K-5,000 K. and are probably valid

somewhat beyond that rang, say to 5,.50 K. Thus it would be possible to have the extended (new)

library start at 5,000 K. Nevertheless it seemed preferable to have it start at a lower temperature.
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b. A further requirement was established, that there be little or no difference in results obtained

with either library in their overlapping temperature regions. The computed quantities concerned were

adiabatic flame temperature, impetus, and ballergy, which is the ratio Impetus/(ganma - 1). Ideally it

would have been desirable to make such compaisons for extended libraries with starting temperature

from 2.000 K to 5,000 K, but this was not feasible. Two starting temperatures were selected. 3000 and

4,000 K. The corresponding libraries were named 30BLKLYB.LIB and 40BLKLYB.LIB, which were

used to form the binary libraries 30BLKLYB.DAT and 40BLKLYB.DAT

9. The comparisons were made by plotting the percent differences in the three quantities agains the

tem computed by the extended (new) library. The resulting plots for the two libraries were dhn

compared by eye. These plots are shown in Fig-l-A. Fig-l-B, ..... Fig-I-G. it is readily seen that the

better match is found between the standard (old) library and the extended library that smarts at 3,000 K.

This library was therefore chosen as the final outcome of the present task. The tames of the chosen
alphanumeric and binary libraries were changed to XBLKLYB.LIB and XBYNLYB.DAT, respectively.

10. As a matter of interest the effect of the REJect instructions was examined by comparing the

results with and without them. The resulting plots ame shown in Fig-2-A, Fig-2-B, .... , Fig-2-G. A

noticeable difference is found only in the last case. It is caused by the appearance of solid carbon when

it is permitted.

V. NBLAKE

A. Although it was not required in the Statement of Work for this task, it seemed appropiate to make

some changes and improvements in 'Blake', but the "look and feel" of the program have not been

changed.

B. A detailed description of the changes is given in the documentation for the revised program. The

principal changes concern the library; the net result is that the new library is incompatible with all

previous versions of the program, and previous versions of the program are incompatible with the new

library. This change was made deliberately in order to improve the paper trail leading from outrp~t back

to the library on which it was based.
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Appendix A.

Listing of TESTLBSBAT

REM A batch file to compare old & new McBnde libraries up to 6,000 K
@ECHO Off

rem 11 September 1992

rem This batch file runs EXMUJE- for 4 casm:
rem o without or with ions permited. and
rem o using old (standard) and new (extended) thermo libraries.
rem The f(lowing 8 files are produced:
rem o tsdbmo.old and tslbao.old (summary w/ old lib)
rem Ao ions Nons
rem o tslbono.old and tsdboio.old (output " " )
rem o tsdlbmojnew and tsdbsio.new (summary w/ new lib)
rem o tstlbono.new and tstlboio.new (output " " " )
rem Then the summary files are operated on by COMPARE22BAS, producing:
rem o summaryl.tab: compares no ionions & old library;
rem o summary2.tab: compares no ions/ons & new library;
rem o summary3.tab: compares old & new libraries, no ions;
reM o summary4.tab: compares old & new libraries, with ions;

rem Start timer
c.nrtornin start start /log /1
echo.
rem Is only a comparison wanted?
if "%I"-- "Q" goto quikk
rem Verify whether new binary libraries are to be created
if "%1" ="" gotO RUNI
if "%l" " "C" goto makelib
if bat "%I" = "c" goto RUNI
:MAKELUB
cls
echo.
echo.
echo Confirm that you want a CREATION run, or press AC to abort:
echo.
pause
rem Start with standard FILE4.DAT, convert it to new format
echo.
echo Copying standard FILE4.DAT to EXFIL4A.DAT
copy d-.NetfsourceNlibnryfdal4.da. flle4dat > nul:
echo.
echo Converting FILE4DAT to RILE.DAT
@echo on
oldint fle4.dat
@echo off
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echo.
edlo Converftng WFRA to NEWFLE.DAT

eecho Off
echo.
echD Add identifying heae to NEWFILE.AT
copy oldjibIWe + newflle~dat tempo > nul:
del newfillcdaz
ren tempo newftledaz
echo.
echo Now form binry library
copy lib-.rnain input > ml:
@echooil
exmucet newflle-dat
del newffle~dat
del ntffle~dat
del ffie4.dat
@cdio off
echo.
echo Save bhnary library for future use.
copy exthnnlb.dat newstd~lb > nul:

rem Now repeat with McBride's extended lbcMy
echo.
echo Copying AcBride's extended FILE4DAT to EXFILE4.DAT

copy dl'cetaourccflibrar.iAexflle4.dat exflle4.dat > ad:
echo
echo Now form binary library

copy lib-.nm~i input > nul:
@wdko o
exmucet exflle4.dat
@echo Off
echo
echio Save binary library for future use.

copy exrhrmlb~dat exie,4ib > nul.
goto nm2

:RUTN1
cis
echo.
REM echo Confirm NO need to (re)creat libraries, or press AC to abort
echo
REM paus
rem Stant here if libraries have previousy been formed
:RUN2
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echo Copy standard binary liMry to EXTHRLB.DAT
copy nevuwsdi~b extmulb.dat > mil:
echo CoPY first set of IM coes to INPUT
copy 'lcetxfbom'aoj~n.in input > anaL

ech ..and now rum EXMUCET using OLD library

@edm on

@echo off
echo.
echo sav otput

copy summary tstbmnoold > ana:
copy outpu tsdbown~od > nul:

echo.
edio Now copy new aet of test came (thenn library unchanged)
echlo.
edno. Copying lmOnin to Input
copy ions.in input > anul:
echo.
echo Now re-rnm EXMUCET
@oft on
emucet
@ccho off
echo.
echo Save outpu

copy mammary tsdbsioold > nul:
copy output sdbo.old > nul:
reho Now repeat these caltclauos using McBride's extended ibray
echo.
echo Copy previosy-omed nw binary library
copy exfilot4ib exdunulb:at > l:
echo.
echo Run the -me ten Mieagi
echo.
exmucot
@eho Off
echo.
echo Save output for

copy ouput tboionew > nul:
copy mimary tstlbsioaew > nul:

echo.
eft Copy FIRST ust of tes cems...

echo.
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copy mojom~in inpu > mLk
edbo.
echD ... aual nut EXMu(er

O odkff

echo Savc outpuz for Comparison

copy output taiboonjiw > mul:
copy sutmmry tadbuaojw > wl:
rem Slop timer
c.4wutodn stop done A1> dummy
c.4cortadtm stop dame A
copy dummy d. fmalew> ad:
del dummy
echo.
echo Delete scratch Mies (if my)
del uZ.*

echo.
echo. Run COMPAIW.BAS 4 times
echo.
copy estlblin test-opt > ml:
qbirm Nceftxfbm~orWcs==compsrc
copy wuamary.mab summary! tab > ml:
copy testliblin ten-opt > ml:
qbfnm Nce~ormbouirwwcompaic
copy wnimary.tab summary2.tab > mul:
copy testlb3in test-.opt > ml:
qbwim WcocxfOhtt*murcv~omPar
copy swnmary.tab suatmary3.tab > mul:
copy Mastib.n =-sOpt > nukL

copy smmmary.tab summary.tab > mul:

if "%I"= Q"Soto qq
echo.
echo For safety's sake, ensure that EXTHRMLB.DAT is (new) extende library
copy exffll4lib exthmilbdat > ml:
echo.

:qq
if "%I" call wdstar d~ceftxfozm~summaiy3.tab
If "%I" VQ goto endd

call wdstar dAlc~exform~vunejim
:endd
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Appendix B.

Listing of PROGRAM MAKEINP.BAS

NOTE: In order to bWprove the legibiUiy of the lkts of the QUICK BASIC progrmmu given in d

report, the underscore, '.has been sed as a ccainuwon symbol in soe lines thaa d dd oewse
be tolong.

EXAMILE: A ine such -

PRINT #2. num.kase20(kse); ","; temp2(kaa); ","; gfipu2(kae); "

will be printed hem as

PRINT #2, num.kase2(kaa); ,; temp2 ); "; _
gmnpus2(kaae); ","

A pogram to make hup nm strens for cldkng EXMUCET
Wriuen by EF&A in Au&92
Saved as MAKEINP.BAS [5 September 19921

DIM e•ze(15)
DEFINT I-N: DEFSNC A-IL O-Z

DATA -1538.79 , -1587.72 , -2488.30 , -2302.44, -2103.22
DATA -2316.85 , -2625.75 , -5145.85 , -1573.22
DATA -99999., 0, 0, 0, 0,0

FOR i = I TO 15: READ e.zeow(): IF (ezero(i) = -99999!) THEN num.e : i - I
NEXT

C.S: FOR i = I TO 7: PRINT : NEXT
INPUT "Enter in orde:. E stMar, Delta E, and E final: ",_

eaegz, deltac., e.final

FOR kLinp- 1 TO 2
CLOSE #1: CLOSE #2
IF (kinp = 1) THEN

file.inpuSt = "d.NftexfofmNnemplate.l"
file.outputS = "d-cctexform'nojons.in"

ELSE
file.inputt$ = "d.ceexfonnm4empale.2"
file.ouqu$ "d.cetexformnions.in"

END IF
OPEN file.outputS FOR OUTPUT AS #2:

enrgy = 0!
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myi:OM Bk~qf" FOR DOWJ AS 01
IF (a=rz -c 0!.) THEN GOTO amt

FOR I a I TO DUMl.0 10 ciiu / deim.. + 1):-
MUMN enemy + delAe 0 (1 - l)X~ NEX(T:

Pw[NT~z

FOR i - I TO INT1.05 0 (e~flool / deI~a) + 1):..l S

PRINT #2, =my + dekLte *(
NEXT:.R #"

PRINT 02," -9999."
energy a e~
utafl kk =0
rmall: LINE INPUT Q1, lyneS: IF (EOF(1)) THEN 0010 new.energy

FOR i aI TO LJEN(JyreS)
IF (MIDS~yneS, i, 1) - "ri) TFIEN

amm - i - 1: GOSUD makelinel: GOTO read
END IF

NEXT
prftlyne$

PRINT #2, lkwm$: GOTYO zadi
reml2: LINE INPUT l, lyne$

FOR 1 - 1 TO LEN(lyne$)
IF (MIDS~yneS,4 12) - "U-" AND MIDSMyrAe, i +2Z 1) ="#") THEN

ann - i-I1: GOSUB makeline2: GOTO readi
END EF

NEXT

PRINT #2, lyne$: GOTO mew,2

new.energy: energy - energy + deltai: PRINT "Energy - ;energy

IF (energy > elina) THEN
0010 nexxz2

ELSE
CL.OSE #1: GOTO recycle

END EF
nexxt2: NEXT
SYSTEM

makelinel:
a subrutin to insert the added energy into the title line

dumS = LEFIS~yneS, nufa)
durnS - dumS + STRS~eerwa) + " J/g Eec: PRINT #2. dumS:

PRINT dumS: RETURN
makeline2:
'a subroutn to inseui the revised energy Ino fte nunelist line

kk-mkk + I
dumS a LEFrS~yneS, aim)
dumS w dumS + *Um* + STRS(energ + ejzea(kk) + "
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RINT #Z damS:

RETURN
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Appoefix C.

TempI* of fte Te CMU for Cot Pf

Duff-f 113bdymi L~xwi

1. Pmdo M•0 - NO IOKS AL.OWWD + # Jf A.Me

"RACrAMI
C 6. H 7.349 09.901 N 2.451 27.90 -169.16E3S298.15 F
C 3. H S. 09. N 3. 22.42 -48664 S29&.15 F
C 1. H 4. N 4. 0 2. 47.54 -2.2114 S296.15 F
C 17. H 20. N2. 1. 1.49 -2.51B4 S296.15 F
C I. .10 0.0 S296.15 F
C2. H 6. O1. .25 -66.42E3L29.15 F

NAMEJLSTS
&INF12 UV-TjrH-&0., SIUNrr-TJONS-F,U-W

2. M3OAI - NO IONS ALLOWED + # Jig Added

REACTANTS
C 6. H 7.739 09.521 N 2.261 27.9 -173.77E35298.15 F
C 3. H S. 09. N 3. 22.42 -88.6E3 1296.15 F
C 1. H 4. 02. N 4. 46.84 -22.113 S296.15 F
C 17. H 20. 01. N 2. 1.49 -25.113 S296.15 F
C 2. H 6. O1. .25 -66.42E3 L298.15 F
C 1. .1 0. 5298.15 F

NAMEJLIsT
&INMP2 UVfTRHO-0.2, SIUNTf-TJONS-F,uI

3. Pseudo WCO90 - NO IONS ALLOWED + # J/g Added

REACTANTS
C 6. H 7.549 09.901 N 2.451 79.96 -169.16E3S298.15 F
C 3. H 5. 09. N 3. 10.2 -8.86B4 S296.15 F
C 12. N 1. H 11. 1.11 3.107E4 S298.15 F
C 16. H 22. 04. 7.65 -201.E3 S298.15 F
C 7. H 6. 04. N 2. .08 4.71M4 S298.15 F
C 1. .14 0.0 5298.15 F

NAMELIS
&IN3F2 UV-T,RHO.. SIUNrr-TJONS=F,U-I
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Tr~lz
4. JA-2 (FRO) - NO IONS ALLOWED + 0 Jg Added

REACTANTS
C 6. H 7.395 0 10.209 N 2.605 59.5 -165.41E3S298.15 F
C 3. H 5. 09. N 3. 14.9 -88.6E3 L298.15 F
C 4. H S. 07. N 2. 24.8 -103-56E3S298.15 F
C 2. H 6. O1. .05 -66.42E3 L298.15 F
C 14. H 14. N 2. 01. .7 -255.E3 L298.15 F

NAMELIMT
&INDE2 UV=TRHOM02, SIUNrr-TJONS-F.UeI1

5. M9 - NO IONS ALLOWED + # JU Added

REACTANTS
C 6. H 7.329 0 10.341 N 2.671 57.55 -163.8IE3S298.15 F
C 3. H S. 09. N 3. 39.86 -88.6E3 L298.15 F
C 17. H 20. 01. N 2. .75 -25.1E3 S298.15 F
C 2. H 6. O1. .35 -66.42E3 L298.15 F

NAMEISTS
&IN2 UV=T,RHO=0.2, SIUNrT=TJONS=FU=#/

~TME
6. MI - NO IONS ALLOWED + # J/g Added

REACTANTS
C 6. H 7.364 0 10.271 N 2.636 83.11 -164.65E.M298.15 F
C 7. H 6. 04. N 2. 9.77 -17.1E3 S298.15 F
C 16. H 22. 04. 4.89 -201.4E3 L298.15 F
C 2. H 6. 01. .05 -66.42E3 L298.15 F
C 12. H I1. N i. .98 31.07E3 L298.15 F
H 2. 01. .50 -285831. L298.15 JF

NAMELISTS
&INPI2 UV=T.RHO=0.2, SIUNIT=TJONS=F,U=#/

7. DECALIN + WFNA - NO IONS ALLOWED+ # J/g Added

REACTANTS
H I. N i. 03. .8088 -41.61E3 1298.15 F
C 10. H 18. .178 -55.1E3 1298.15 F
N I. 02. .02466 31711. G298.15 JF
H 2. 01. .010686 -2858311.298.15 JF
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NAM]ELSTS

&MM UV-TRHO,0.2, SIUNrrTTJONS-F,U-/

8. DECALIN + 70% HYDROGEN PEROXIDE - NO IONS ALLOWED + # J/g Added

REACTANTS
C 10. H I. 1. -55.1E3 I 1298.15 F
H 2. 02. .7 -44.8SE3 1.298.15 0
H 2. 01. .3 -68.315E3L298.15 0

NAMELIMST
&INP''2 UV-T,RHO-0.2, SIuNrr-TJONS-F,U=4/

9. RFNA + UDMH - NO IONS ALLOWED + # J/g Added

REACTANTS
N 1.6294 H 1.5722 04.6950 .7 -64860. 1.298.15 F
C2. H8. N2. .3 11.9E3 1298.15 F

NAMEUISTS
&MNFF2 UVaTRHO.2, SIUN!rTTJONS-F,U=#/

STOP
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Appendix D.

Imting of Prognm COMPARE.BAS

' A program to campare ouput files fhm EXMUCET
' Writnm by W&A in OctM

'Saved as D.EDXUCEUOMPARE.BAS
'This veron: 01-MAR-1994
9 - Error in file names in DATA statememt conected

- Chmages begun on 13-FEB-94 made iremaily conuisten & complted.
- S -n S cometc cban romade.

13 Febuary 1994:
'On-screen diectio added.

Ure of external file for optons discarded.
' File n-mes changed.

' 9 Febnrary 1994:
' File names changed

' Modified [27-OCT-93] to remove bugs md to simplify the progamming;
' The output was improved.

' Modified [I1-SEP-92] to include identification of the thenno
' libraries used to generate the outputs being compared.

C.S : DEFWT I-N: DEFSNG A-H, O-Z
DIM templ(999), gmptusl(999), bsllergl(999)
DIM num.kasel(999), num.kawe2(999), e.zero(99)
DIM temp2(999), gpmptu2(999), baliergy2(999)
DIM Deltag(999), DehapcLt(999). DeltapcLb(999)
DIM Delta.t(999), Delta.b(999)
energy.save = -1!: no.ener =0: no.cmpsm -8

' Determine type of nm. There ae 3 types: Compare rsults from
' McBride's standard library widout ions or with ions pennitted, and
Scompam the standard library with the extended one without or with

' ions permitted.

getoption:
COLOR 1, 11: CIS : LOCATE 3,7
PRINT" "; : COLOR 1, 7: PRINT "TYPE 1"; : COLOR 1, 11
PRINT" Compare results fiom the standard library with
PRINT SPACES(17); "results from the extended library, no ions permitted."
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LPR PO E m, -I . ..- I'r.IN. i ' :,• ::•

LOCATE 6, 7
PRINT ""; : IO.DR 1. 7: PRINT "r.IPEb 2-; : ) ' R 1, 11

PRINT- CompM nab form the tMadard lbar Wllt
PRINT SPACES(I7); "nsN ln h di extended lbry. ions pentu&ed."

LOCATE 9, 7
PRINT" "; : COLOR 1, 7: PRINT 'I'M 3"; :COLOR 1 I1
PRINT- Compare yremaun U d extended libra
PRINT SPACES(17); "without or with ions petnined."

LOCATE 14, 17: COLOR 15, 9: PRINT *Ener your option 1, 2, or 3:"

aS a INKEYS: 11F (LEN(a$) - 0) THEN GOTO waltz
CLS : opt - VAL(a.)
IF (opt < I OR opt > 3) THEN CLS : PRINT CHR$(7): GOTO getoption

COLOR 15, 5: LOCATE 9, 25: PRINT" Option dosoen *"; opt
LOCATE 11, 19: PRINT" WAIT. Data are being pmcessed."
COLOR 15, 9
IF (opt = 1) THEN

optionS= -
">>> EXTENDED LIBRARY vs. STANDARD LIBRARY, NO IONS T <<<"

READ flelum$, 51e2sumS
READ flkelout$, flle2AuzS
OuLcxt = ".I"

ELSEIF (opt = 2) THEN
option$ = -

">>> EXrENDED LIBRARY vs. STANDARD LIBRARY, IONS PERI ITED <<<"
FOR i = I TO 4: READ JUNKS: NEXT
READ fllel.sum$, ffle2.um$
READ filelm.ou$, flle2.out$
ouLext$ = ".2"

ELSE
optionS=
">>> EXTENDED LIBRARY: IONS EXCLUDED vs. IONS INCLUDED <<<"
FOR i = I TO 8: READ JUNKS: NEXT
READ filel-sum$, fike2.sum$
READ liel.out$, fiIe2.out$
out.ext$ = ".3"

ENDIF
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file$ = "OUTPUT" + ouLexi$
OPEN files FOR OUTPUT AS #9
files = "INTERMED" + ouLext$
OPEN files FOR OUTPUT AS #33
filS = "BRIEF" + OuLext$
OPEN files FOR OUTPUT AS #253
SPRINT 9 ," opdon choe="

PRINT #9, option$

PRINT #9,
PRINT #9,_

"The two EXMUCET output files are"; filel.out$, "and"; file2.out$
PRINT #9,
GOSUB lib.mme: 'Try to determine which librMy was used

PRINT 9. -_
"The input (SUMMARY) files am "; filel.sum$; " and"; file2.sum$

PRINT #9,

PRINT #253,: PRINT #253, " First EXMUCET output file - "; filel.out$
PRINT #253," Second EXMUC"T output file a "; file2.out$: PRINT 4#253,
PRINT #253, " Input (SUMMARY) files are "; filel.sum$; "and"
PRINT #253," ";ffie2.sum$: 'PRINT #253,

'PRINT" Input (OUTPUT) files are"; filel.out$; "and"
PRINT"; f .out$: PRINT" "

PRINT #9," Theamo libray used for first set was"
PRINT #9, TAB(19); lib.mame.l$: PRINT #9.""

PRINT #9," Themo lbramy used for second set was"
PRINT #9, TAB(19); Iibam.n2$

' Initialization for first file
OPEN filel.sum$ FOR INPUT AS #1
OPEN "TEMPOI" FOR OUTPUT AS #2
LINE.NO = 0: LK = 0: kase = 0: num.of-energies = 0

Read a line of first input file
READI: LINE INPUT #1, lyne$

IF (EOF(l)) TEN GOTO NEXT.FRE
IF (LEFTlyeS, 5) =" Finis") THEN

PRINT CHR$C7); CHR$C(Th QHRS(
GOTO NEXT.FILE

ENDIF
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* Look for seminel ('>')
CONTrX: IF (LFPIyne$, 2) o ">) THEN GOTO READI

* Sentinel has been found. Increment case cmaer.
ke = ke + I
GOSUB SeLenergy

'Next, skip 3 lines
LINE INPUT #1, JUNKI$: LINE INPUT #1, JUNK2$: LINE INPUT #1, JUNK3$
'Read line of da, and extrac temperature, impetus, and bliergy
LINE INPUT #, lynes

temp(kase) = VAL(MID S, 25,9))
gmptusl(kase) - VAL(MIDS(Iyne$, 49, 8))
baliergyl(kase) = VAL(MI yne$, 63, 8))

'PRINT "1 "; kase; numaselmasm); tmpl(kase); pinpusl(kase); _
bunergyl(kase)

PRINT #2, num.kasel(kase); ","; templ(kase); ","; gmptul(kase); UU; -

balergyl(kase)
GOTO READI

'When end of-of-file has been found, write sentinel at end and close files
NEXT.FLE: num.nrgy - kase: ' PRINT "LAST KASE ="; num.nrgy

PRINT #2. "-9999., -9999., -9999.": PRINT #2," ": CLOSE #l: CLOSE #2

'Initialization for second fie
OPEN file2.sumS FOR INPUT AS #1
OPEN "TEMPO2" FOR OUTPUT AS #2

kase = 0
READ2:
LINE INPUT #1, lyne$:

IF (EOF(l) OR LEFTLYNE$, 5) = "Fmis") THEN GOTO MAKE.TAB

IF (EOF(1)) GOTO MAKETAB
IF O(FT yneS, 5) =" Finis") THEN
PRINT CHRSC7); CHR$(; CHRS(7)
GOTO MAKE.TAB
ENDIF

IF (LEFFSyne$, 2) <> " >") THEN GOTO READ2
kase = kase + 1
num.kase2(kase) = kase

LINE INPUT #1, JUNKS: LINE INPUT #1, JUNKS: LINE INPUT #1, JUNKS
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LINE INPUT *1, lyneS
temp2(kmw) - VAL(hMID(yneS. 25.9))

gniua2(as) - VFAL(MIDSIyne$, 49, 8))
bullergy2(kaue) - VAL(MID~yne$, 63, 7))

'PRINT "2 "; kame num~kue2(km); emnp2(kaae);gmu(k)-
b~lr m~o )

PRINT 92, num~kawe2kase); ""; temp2(kase); ".; opnpus2(kase); w.";

GOTO READ2 
al 2ks)

MAKE.TAB: PRINT 42, "-9999., 99.,-9999.": PRINT #2,"
CLOSE #1: CLOSE #2

9 PRINT "-9999., -9999., -999."; nlumnrgy
PRINT #9,: PRINT 99, " Number of energies -;no.men: ' PRINT

Get ready to make summary table (previously-opened)
OPEN "tempol " FOR INPUT~ AS #1
OPEN -tempo2- FOR INPUT AS 92
'PRINT "Run option chewn =;unmoptioal

IF (opt <> 3) THEN

heaid3$ = -
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) BaUl(Ext) Gam(Std)-

Gam(Ext)"
bead33$ = -

T(Std) T(Ext) Delta T %Dc1T Bali(Std) Ball(Ext) DeltaB %DeIB"
ELSE

htad3S = -
ofT(no) T(ions) Imp(no) Imp~ion) Bail(no) Bali~ion) Gam(noL

Gam(ion)"
head33$ = -

T(wo) T~ions) Delta T %DelT Bali(no) Ball(ion) Delta Bali %DeIB-
END IF

Read a line of data frm file 1
FOR i = 1TO999

INPUT #1, num.kasel(i), templ(i), gmptuslQi), balirgylQi)
IF (templ(i) > 0) THEN GOTO NEXITII ELSE GOTO CONTTl

NEXTTIl: NEXT
CONTTI: numi1 = i - I

Read a line of input from file 2
FOR i = I TO 999: INPUT 92, num.kase2Ci), temp2(i). ginptus2(i). ballergy2(i)

IF (temp2(i) > 0) THEN GOTO NEXT1 ELSE GOTO CONMT
NEX777: NEXT
CONTr2: NUM.2 = i - 1
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aieck tha smne mamber of lines have been mad
IF (==.I1 = NUM.2 AND nmuakaaelfnumAnr) - n,1.aue2(mamiirg))-
THN GOTO NEIC
CLS PRINT -r R 0 U 8 L E H!! NUM.I <> NUM.2"; NUM.1NU2. : STOP

NECM3.
'Print wummmy table with statistcs after each giuup

FOR i.ener - I TO no.ener.

PRINT #9,: PRINT 09, TAB(30);, eizem(Lener); Wk/g added"
PRINT 0253,: PRINT #253. TAB(25); ejzem(Lner); "k/g added"
PRINT #33,: PRINT #33, TABOO0); eizeo(Lener); "kJ/g added-
PRINT #33. bead33S
PRINT 09, bead3S

FOR jj = zn.anpsns * i.ener - (no.cmpsns - 1) TO no.cmpsns * iee
FOR jj - no~cnpmns * (imeer - I) + 1 TO no.cznpmns 0 i~ener
num.cue = bj MOD no.cmpsis: IF num.case = 0 MHN num.case =no.cmpmsn

PRINT #9, USING _
"#0)0#.# #" .# #O.# #" .# f## #0 #i~
##.~; nmn-case; templ~ij); temp2(Jj); gipvsl(jj); gmnpts2(j);-

bailergloft) bailrgy2(jj); I! + gp~tuslflj) Iballergyl(jj); -

1! + gmptus4U) Ibaliergy2(jj)

PRINT #33, USING -

mnu.case; templ~j); temp2flj); temp2(jj) - templ(jj);-
100! * (temp2(jj) - templ~ij)) / templ(jj); balkeiyI(jj).

baliergy2n); baliergy2U) - ballergyl(jj); -
100! 0 (ballergy2() - bullergyl(jj)) / ballegyl(jj)

NEXT jj
GOSUB STAT

NEXT i.ener

'Prepare and print table of differences

PRINT #33,

PRINT 09.: PRINT #9.TAB(26); "0R AN D TO0T A LS": PRINT #9,
PRINT #9, TAB(26); "MEAN ABSOLUTE DEVIATIONS"
PRINT 09, TAB(13); "Temp (K) Impetus (Jig) Baliergy (J/g)"
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PRINT033,: PRINT #33. TAB(26); "G RA ND TO0T A LS": PRINT *33,
PRINT #33. TAB(26); NMEAN ABSOLUTIE DEVIATioNS"
PRINT 033, TAB(13); "Temp (K) Impetus (J/g) Balley (Jg)"

sum-tl - 0!: sum.t2 a 0!: lmiit3 - 0!: sum.t4 -0!
sum.sI = 0!: sumsg2 a 0!: sun.g3 = 0!: uumS4 -0!
sum.bI = 0!: sum.b2 -0!V: smu.b3 - 0!: mam.b4 - 0!

FOR i-lITO um.1
Deha~zO) -temp20l) - tanaplQi): DCULgQ) - gmnpUs2i) - gpftlusli)
Deha~b(i) = bailrgy2Q) - buflergl(i): NEXT i

FOR i - 1 TO mnm.1
sum.tI - urn £ + ABSQDeIta.(i)).
sum.gl s um~gl + ABS(Deft~g(i)):
surnbI sumnbI + ABS(DehLzbQ)):
uum.t2 =uwmt2 + ABS(Deka~tO)) / taiplOi)
uMM~g2 =smMg2 + ABS(DehaL8gQ)) / gpwstl~i)
sum.b2 - wm.b2 + ABS(Delta~b~i)) / baliergyl(i)
sum.t3 =sum.t3 + Dehlta ) A 2
sum.g3 =sum.g3 + Dehagol) A 2
sum.b3 =surn.b3 + Deka b(i) A 2
SUM~t4 =uMM.t4 + Ielta(i) / tanpIQ)) A 2
Sum.g4 =sM~g4 + (1Wta~g~) / XMptWjlQ)) A 2
sum.b4 =sum.b4 + (Delta~b~i) / baliergyl~i)) A 2

NEXT i

PRINT 09,
USING " m#010 ~#

sumtl / (MAM.1 - 0); SUM-gl / (iMM.1 - 1), sum.bl (rnum.I - 1)
PRINT #9,: PRINT #9, TAB(201; "MEAN ABSOLUTIE PERCENT DEVIATIONS"
PRINT #9. TAB(14); "Temp (K) Impewu (J/g) Builerg (Jig)"

PRINT 09, USING -

100 * sum.t2 / (num.1 - 1); 100 * sumg2 / (num.1 - 1);-
100 *surn.b2 / (nm.l -1)

PRINT #9,: PRINT #9, TAB(23); "ROOT MEAN SQUARE DEVIATIONS"
PRINT 09, TAB(13); "Temp (K) Impetus (J/g) Balierg (J/g)"
PRINT 09, USING-

SQR(sum.t3 / (num.1 - 1)); SQR(sum.g3 / (num.I - 1));-
SQR(sum.b3 / (num. I - 1))

PRINT 09,.: PRINT 09, TAB(20); "ROOT MEAN SQUARE PERCENT DEVIATIONS"
PRINT #9, TAB(13); "Temp (K) Impetus (J/g) Ballerg (Jig)"
PRINT 09, USING-

100 * SQR(sum.t4 / (num.1 - 1)); 100 *SQR(sum.g4 / (num.1 - 1));-
100 * SQR(um~b4 / (num.1 - 1))
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PRINT 033.

USING " f.0 f.0 W .# ""

amtl / (mnm.1 - 1); =um.gI / (nunm. - 1); ambl / (num.1 - I)
PRINT 033,: PRENT #33, TAB(21); "MEAN ABSOLUTE PERCENT DEVIATIONS"
PRINT #33, TAB(14); "Tmp (K) Impetus (J0) Baller (JOw

PRINT 033, USING -
"L#.# #." f .0 ";_

100 * sum.t2 1 (num.l - 1); 100 * sum.g2 / (mum. - 1),
10 * s=m.b2/ (nm.l - 1)

PRINT #33,: PRINT #33, TAB(23); "ROOT MEAN SQUARE DEVIATIONS"
PRINT #33, TAB(13); "Temp (K) Impetus (Jig) Baiergy (Jig)"

PRINT #33, USING
.# W.# M.# ,,.

SQR(sum.t3 / (num.I - 1)); SQR(sum.g3 / (num.I - I)); _
SQR(sum.b3 / (num.1 - 1))
PRINT #33, : PRINT #33, TAB(20); "ROOT MEAN SQUARE PERCENT DEVIATIONS"
PRINT #33, TAB(13); "Temp (K) Impetus (J/g) Ballergy (J/g)"
PRINT #33, _

USING" 0.0 N. 0 .0 ";_.

100 * SQR(sum.t4 / (nmn.l - 1)); 100 * SQR(sum.g4 / (mir.1 - 1));
100 * SQR(sum.b4 / (num.1 - 1))

PRINT #33, : PRINT #33, : PRINT #33,
PRINT #253, PRINT #253,: PRINT 0253,

COLOR 15, 0
CLOSE #1: CLOSE #2: CLOSE #33
KILL "TEMPO1": KILL "TEM 2"
SYSTEM

get.ergy:. FOR J = 3 TO LENlyne$): SEMNT = MID(yne$, J, 1)
IF (SENT$ <>" "")THEN GOTO CON773

NEXT: PRINT "T R 0 U B L E in Submutine GETENERGY. LYNE "; lyne
STOP

CONTT3: len = LEN•yne$)
FOR 11 = len TO 1 STEP -I

IF (MMISyneS, U, 1) = "J") THEN GOTO cont4
NEXT l

coni4: IF (MID$Syne$, !U - 1.4) = "iW/gO) THEN GOTO con5
CLS : PRINT "RATS! Problem at "; CHR$(34); "cona4"; CHR$(34): STOP

coatS: iLj = 11
FOR 11 = Ij TO 1 STEP-I
IF (MIDSlyneS, U, 1) = "+') THEN GOTO conn6
NEXT IU

PRINT "RATS! Pmabem at "; CHRS(34); "cmtt5"; CHR$(34): STOP
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caua6: aweg = VAL(MID~lySe, U + 1, lij - U + 1))
* ~PRINT -Elmrg - ; Mergy
IF (amrg - aurgysve) THEN GOTO rwmum
C001igyC- etergy

ODA=e m inom + 1
czsun~ar)-enmm

prn - Energy-' energy
,,an RETRN

STAT.SUM:
FOR b a 1TO mo. 5 lnj+ !3.anpors u mC.r -I)

vmmtl - munutl + ABS(De~tafti))
mmu t7 W m2f + ABS(Dekuail)) / lempl~d)
suua.l - s~nmgI + ABS(Deha~sW))
sam o2 - suurn2 + ABS(Delta~(d)) / gpvusl~i)
sum.bl - wni.bI + ABS(Deltamb(ii))
wmunb2 - wm~b2 + ABS(Delta~bti)) / ballergyl(ii)

NEXTJi

PRINT USING-
CON.

100 * ummt2 / mim.1; 100 * wm.g2 / num.1; 100 * sm.b2 I um.1

RUIURN

' A submuezie that tries to denermin winch theimo Ifbray was used
libinme:
OPEN fl~el.ovt$ FOR INPW AS #2:
readsl: LINE INPUT #2 lyneS

IF (LEFrSyneS, 40) = " SPECIES BEING CONSIDERED IN THIS SYSTEM") THEN
Iibnmne.IS a *McBnde's standard (CET89) libazy
GOTO dose2

END IF
FOR jk = I TO LENolyneS)

EF (MIDS(Iyne$, jk, 3) <> "**") THEN GOTO nemxl
libmname. 1$- RIGHTS(IyneS, 81 - jk): GOTO close2

nextli: NEXT: GOaO readsl
close2: CLOSE #2

OPEN Ma 2out$ FOR INPUT AS #2
nmad3: LINE INPUT #Z, lyneS

EF (LEFyrScle. 40) = "SPECIES BEING CONSIDERED IN THIS SYSTEM") THEN
lbibmm.2S - "McBride's stuzdard (CET89) hlbrzy
GO)TO close2a

END IF
FOR Ac = I TO LENOlYnS)

EF (MIDS~yne$, X, 3) <> '**") THEN GOTO nexxt2
lib~ie.2S = RlGHTSWynoS, 81 - jk): GOTO close2a

131112 NEWT: G(YrO mda3
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closeUa CLOSE 02: RETURN

' Ls: PRINT fleAWS, flW.ou&S
,PRINT Hlmcosuar., 1h. ow uter.
' PRINT ibmnme.I$,* "uad ";libinoie.24

RETURN

*A mabuiudu tim conpuls sM1300c for each energ

STAT:

summtl - 0!: uum.z2 - 0!: sum.gl - 0!
suin.g2 =0!: imaxb = 1: Luaaxt - 1
suni.bl a0!: sum~b2 - 0!: d.pctbduluma -~dctma~x a=0

FOR nki = I TO no~anps.: H = aid + noemponis * (Lener - 1)

D&La0gi) = Vnplus2(li) - emptuul(ii)
Delza&pcLt(il) - (tmup2() - sunpl(U)) / templil

Deh~pcb~l) -(buliray2(i) - bhller1y(ii)) / bakflgy I(ii)
IF (AB3S(Delza~pctb(li)) > dpbamx)THEN

dpbhI max - ABS(Delta~pc~b(fl)): i~mab = aid
d.baillmax = builrgy2(ii) - bullergyl(ai)

END IF
IF (ABS(Delta~pcit(il)) > d~pcttenp~max) THEN

d~pcuemp.max = ABS(Delta~pcLt(ii)): Lamaxt = kid
Icinp.max = £empl~ii)

END EF
NEXT aid

PRINT #9. TAB(13);
IF (100! * dpcLtempmax >=.1) THEN
PRINT #9, USING_-

"Max abs pct diff in TEMIERATURE = .%for case wo. W;
100! *d.pcz~temp~ma immaxt

ELSE
PRINT 09, USING-n. ;-

"Max abs pct iffi W RT o u .W
100! *d.Pcutempmtax; i~maut

END IF
PRINT #33, TAB(13);
PRINT #33. USING "Max abs pct diff in TEMPERATURE = %for cane w. Or;-

100! * ~cmpmxLmaxt
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PRINT #253. TAB();
PRINT #253, USING %Max abs pct diff in TEMPERATURE - 00.% for cue no. W0"; _

100! * d.pclemp.max; Lmaut

PRINT #9, TAB(13);
IF (100! * d.pxLbei~max >- .1) THEN

PRITr #9. USING *Max abi pct diff in BALLERGY - 00.0% for cane no. W0; -
100! * dpc.Lballmax i.maxb

ELSE

PRINT #9, USING "Max abs pct diff in BAIJ.ERGY -0.% for cawe no. Wr; -
100! * d4pcLbeiLmax-. i.max.b

ENDIF
PRINT #253, TAB(3);
PRINT 0253, USING "Max abs pct diff in BAIJERGY - f.#% for cue no. Wr; -

100. * d.pctbell max- i.max.b

PRINT #33, TAB(13);
PRINT #33, USING "Max abs pet diff in BALLERGY = 00.0% for case no.00"; -

10WM * d.pcLtbl.max; iimax.b

PRINT TAB(24); "Mean Absolute Deviations"
PRINT TAB(14); "Temp Impetus Baiuery"

RETURN: ' end of STAT

DATA "d4.exmuceTSLBSNOSrD" : ' Summary table, no ions, standard library
DATA "d.exmucet\TSTLBSNO.EX" : ' Summary table, no ions, extended library
DATA "d.AexmucdtTLBONO.STD" : ' Output table. no ions, standard library
DATA "d. exmucct\TS1.BONO.EXT" : ' Output table, no ions, extended library

DATA "d.Sxmuc\TSTL.BSIO.ST ' : ' Summary table, w/ ions, standard libmay
DATA "d.exmucefTSTlLBSIO.EXT" : ' Summary table, w/ ions, extended library
DATA "d.%exmuceTSTLDOIO.STD" : ' Output table, w/ ion, standard library
DATA "d.f-exuceTSLBOIO.EXT" : ' Output table, w/ ions, extended library

DATA "d.exmuce\TSTUBSNO.EX":' Summary table, no ions, extended library
DATA "d.exmucT0`STLBSIO.EXT":' Summary tae, w/ ions, extended library
DATA "d.1exmucetfTSTLBONO.EX":" Output table, no ions, extended library
DATA "d.exmucet'TS7LBOIO.EX": ' Output table, w/ ions, extended library
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Appendix E.

Output from COMPARE.BAS:
Comparing the Results from the Standard (CET89) Library with

Those from McBride's Extended Library-Ions Excluded

The two EXMUCET output files am TSTLBONO.STD and TSTLBONO.EXT

The input (SUMMARY) fies am TSTI.BSNO.STD and TSTLBSNO.EXT

Themnno library used for firt set was
*** McBride's Standard (CET89) Library ***

Thermo library used for second set was
*** B. McBride's EXTENDED-RANGE Library *

Number of energies = 21

0 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 3017.2 3010.2 1080.6 1077.9 4563.5 4583.2 1.2368 1.2352
2) 2552.1 2549.1 944.8 943.5 3729.1 3736.5 1.2534 1.2525
3) 3401.5 3392.2 1139.7 1136.3 5157.6 5184.0 1.2210 1.2192
4) 3820.8 3811.9 1176.9 1173.5 5686.2 5723.1 1.2070 1.2050
5) 2492.9 2490.6 929.0 927.9 3583.1 3588.6 1.2593 1.2586
6) 3748.7 3738.6 1202.4 1198.2 6217.5 6278.9 1.1934 1.1908
7) 1220.6 1216.5 474.6 472.6 2870.8 2899.8 1.1653 1.1630
8) 3588.9 3574.6 1388.7 1382.5 6534.2 6590.0 1.2125 1.2098

Max abs pct diff in TEMPERATURE = 0.4% for case no. 8
Max abs pet diff in BALLERGY = 1.0% for case no. 7

.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 3320.1 3311.4 1191.1 1187.7 5074.8 5099.6 1.2347 1.2329
2) 2881.3 2877.0 1067.5 1065.7 4274.3 4285.1 1.2497 1.2487
3) 3674.1 3664.1 1235.8 1232.0 5609.1 5640.6 1.2203 1.2184
4) 4022.5 4014.0 1251.2 1247.7 5996.8 6038.1 1.2086 1.2066
5) 2828.0 2824.6 1054.8 1053.3 4129.1 4137.5 1.2555 1.2546
6) 3903.8 3893.8 1266.6 1262.1 6479.5 6545.9 1.1955 1.1928
7) 1306.9 1302.5 534.0 531.7 3121.9 3155.1 1.1710 1.1685
8) 3795.4 3781.1 1475.7 1469.2 6948.8 7012.6 1.2124 1.2095

Max abs pct diff in TEMPERATURE = 0.4% for case no. 8
Max abs pctdiffinBALLERGY = 1.1%forcaseno. 7
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I kJ/g added
T(Std) T(Uxz) Imp(Std) lmp(Ext) BaII(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 36012 3591.6 1295.7 1291.9 5549.3 5578.8 1.2335 12316
2) 3198.8 3193.1 1186.4 1184.1 48012 4816.0 1.2471 1.2459
3) 3919.4 3909.3 1325.7 1321.7 6013.0 6049.3 1.2205 1.2185
4) 4203.7 4195.5 1322.5 1318.7 6270.2 6315.7 1.2109 1.2088
5) 3152.5 3147.7 1177.0 1175.0 46592 4671.3 1.2526 1.2515
6) 4050.1 4040.1 1330.1 1325.3 6723.2 6794.5 1.1978 1.1951
7) 1392.1 1387.5 597.5 594.8 3364.9 3400.3 1.1776 1.1749
8) 3983.1 3969.3 1558.2 1551.5 7323.1 7395.0 1.2128 1298

Max abs pct diff in TMPERATURE= 0.3% for cue no. 8
MaxabspctdiffinBALLERGY = 1.1%forcaseno. 6

1.5 kJ/g added
T(Std) T(Fx) lp(Std) Imp(Ext) Bal(Sd) BaU(Ext) Gam(Std) Gam(Ext)

1) 3858.0 3848.1 1394.2 1390.1 5981.7 6015.6 1.2331 1.2311
2) 3500.2 3493.2 1300.6 1297.8 5302.5 5321.0 1.2453 1.2439
3) 4139.4 4129.7 1410.5 1406.3 6371.8 6413.0 1.2214 1.2193
4) 4371.0 4363.1 1392.1 1388.1 6517.5 6567.7 1.2136 1.2114
5) 3461.6 3455.7 1294.6 1292.2 5165.8 5181.3 1.2506 1.2494
6) 4190.1 4180.2 1393.4 1388.3 6953.6 7029.8 1.2004 1.1975
7) 1478.4 1473.6 665.6 662.5 3606.6 3642.4 1.1846 1.1819
8) 4154.9 4141.9 1637.2 1630.4 7663.0 7743.0 1.2136 1.2106

Max abs pct diff in TEMPERATURE = 0.3% for case no. 7
Max abs pctdiffinBALLERGY = 1.1%forcaseno. 6

2 kJ/g added
T(Std) T(OW) Imp(Std) Imp(E.i) BIkl(Std) Bail(Ext) Gam(Std) Gmn(Ext)

1) 4090.8 4081.4 1487.1 1482.8 6372.1 6410.5 1.2334 1.2313
2) 3782.2 3774.5 1409.7 1406.5 5773.0 5794.3 1.2442 1.2427
3) 4338.5 4329.4 1491.4 1487.0 6692.3 6738.9 1.2229 1.2207
4) 4528.8 4521.1 1461.1 1457.0 6746.4 6802.2 1.2166 1.2142
5) 3752.1 3745.4 1407.1 1404.3 5643.6 5661.6 1.2493 1.2480
6) 4325.3 4315.5 1456.9 1451.5 7173.7 7255.3 1.2031 12001
7) 1567.4 1562.4 738.6 735.3 3851.5 3886.6 1.1918 1.1892
8) 4313.8 4301.6 1713.7 1706.7 7974.7 8062.8 1.2149 12117

Max abs pct diff in TEMPERATURE = 0.3% for case no. 7
Max abs pci diff in BALLERGY = 1.1% for case no. 6
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2.5 kJ/g added
T(Std) T(Ext) Ip(WSd) hmp(Ext) Bal(Sld) BaU(IEx) Gmu(Sd) Gam(Ext)

1) 4302.8 4294.0 1575.5 1571.2 6724.7 6768.2 1.2343 1.2321
2) 4043.6 4035.6 1513.5 1510.0 6209-5 6233.5 1.2437 1.2422
3) 4521.3 4512.9 1569.8 1565.2 6982.0 7035.1 1.2248 1.225
4) 4680.1 4672.8 1530.3 1525.9 6961.9 7024.8 1.2198 1.2172
5) 4022.4 4015.3 1514.3 1511.2 6089.2 6109.3 1.2487 1.2474
6) 4456.9 4447.4 1520.9 1515.2 7385.9 7473. 1.2059 1.2027
7) 1660.3 1655.4 817.0 813.3 4103.8 4137.5 1.1991 1.1966
8) 4462.4 4451.2 1788.4 1781.3 8263.7 8360.1 1.2164 12131

Max abs pct diff in TEMPERATURE - 0.3% for case no. 7
Max abs pct diff in BALLERGY = 1.2% for case no. 6

3 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Guam(Ext)

1) 4497.7 4489.8 1660.6 16562 7045.6 7095.0 1.2357 12334
2) 4285.0 4277.2 1612.7 1609.0 6611.9 6638.8 1.2439 1.2424
3) 4692.1 4684.3 1646.6 1641.9 7247.9 7308.8 1.2272 1.2246
4) 4827.1 4820.0 1599.9 1595.4 7167.2 7239.3 1.2232 1.2204
5) 4272.9 4265.9 1616.8 1613.6 6502.0 6524.3 1.2487 1.2473
6) 4585.8 4576.4 1585.6 1579.6 7591.5 7686.1 1.2089 12055
7) 1758.8 1754.0 900.8 897.0 4368.4 4400.1 1.2062 1.2039
8) 4603.1 4592.7 1862.1 1854.9 8534.5 8639.8 1.2182 1.2147

Max abs pct diff in TEMPERATURE = 0.3% for case no. 7
Max abs pct diff in BALLERGY = 1.2% for case no. 6

3.5 kJ/g added
T(Std) T(Exi) Imp(Std) Imp(Ext) Bal(Std) BalI(Ext) Gam(Std) Gam(Ext)

1) 4679.2 4672.3 1743.4 1739.1 7340.6 7397.4 1.2375 1.2351
2) 4508.4 4501.0 1707.9 1704.1 6982.0 7013.1 1.2446 1.2430
3) 4853.8 4846.7 1722.7 1717.9 7494.9 7565.8 1.2298 1.2271
4) 4971.0 4964.2 1670.5 1665.7 7364.5 7448.1 1.2268 1.2236
5) 4505.2 4498.6 1715.3 1711.9 6883.2 6908.8 1.2492 1.2478
6) 4712.5 4703.3 1651.0 1644.8 7791.7 7894.3 1.2119 12084
7) 1864.4 1859.8 990.3 986.4 4650.8 4680.3 1.2129 12.108
8) 4737.3 4727.8 1935.2 1927.9 8790.6 8905.3 1.2201 1.2165

Max abs pct diff in TEMPERATURE = 0.2% for case no. 7
Max abs pct diff in BALLERGY = 1.3% for case no. 6

87



4 U/g added
T(Std) T(Ext) Inp(Std) lmp(Ext) BaI(Std) Bal(Ext) Gam(Std) Gam(Ext)

1) 4850.5 4844.6 1824.9 1820.6 7614.5 7681.0 1.2397 12370
2) 4716.4 4709.6 1800.1 1796.3 7322.8 7360.3 1.2458 1.2441
3) 5009,) 5002.4 1798.8 1793.8 7726.9 7810.4 1.2328 12297
4) 5113.0 5106.4 1742.1 1737.1 7554.9 7653.2 1.2306 1.2270
5) 4721.9 4715.9 1810.6 1807.2 7235.2 7266.4 1.2502 1.2487
6) 4837.4 4828.6 1717.4 1710.9 7987.2 8099.2 1.2150 1.2112
7) 1978.7 1974.5 1085.2 1081.3 4957.0 4984.6 1.2189 1.2169
8) 4866.5 4857.9 2008.0 2000.6 9034.6 9159.6 1.2223 1.2184

Max abs pct diff in TEMPERATURE = 0.2% for case no. 7
Max abs pct diff in BALLERGY = 1.4% for case no. 6

4.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) BaU(Ext) Gam(Std) Gam(Ex)

1) 5014.0 5008.9 1905.8 1901.4 7871.0 7949.9 1.2421 1.2392
2) 4911.6 4905.5 1890.2 1886.4 7637.8 7684.6 1.2475 1.2455
3) 5159.3 5153.3 1875.1 1870.0 7946.4 8045.7 1.2360 1.2324
4) 5253.7 5247.4 - 1815.0 1809.7 7739.0 7855.8 1.2345 1.2304
5) 4925.4 4920.0 1903.5 1900.1 7560.7 7600.9 1.2518 1.2500
6) 4961.0 4952.5 1784.9 1778.1 8178.4 8301.4 1.2182 1.2142
7) 2102.4 2099.0 1184.9 1181.3 5291.1 5318.0 1.2239 12221
8) 4991.6 4983.8 2080.9 2073.4 9268.4 9404.8 1.2245 1.2205

Max abs pct diff in TEMPERATURE = 0.2% for case no. 6
Max abs pct diffinBALLERGY = 1.5% for case no. 4

5 kiIg added
T(Std) T(Ext) Imp(Std) Imp(Ext) BaUl(Szd) BaIl(Ext) Gam(Sid) Gam(Ext)

1) 5171.6 5167.3 1986.4 1982.1 8112.8 8207.6 1.2448 1.2415
2) 5096.5 5091.1 1978.9 1975.0 7929.8 7990.0 1.2496 1.2472
3) 5306.2 5300.6 1952.1 1946.8 8155.0 8274.1 1.2394 1.2353
4) 5393.7 5387.6 1889.3 1883.7 7916.9 8056.8 1.2386 1.2338
5) 5118.3 5113.5 1994.9 1991.5 7862.4 7916.1 1.2537 1.2516
6) 5083.5 5075.3 1853.4 1846.3 8365.6 8501.4 1.2216 1.2172
7) 2234.5 2232.7 1287.8 1284.9 5651.9 5680.7 1.2279 1.2262
8) 5113.5 5106.4 2154.1 2146.5 9493.5 9642.4 1.2269 1.2226

Max abs pct diff in TEMPERATURE = 0.2% for case no. 6
Max abs pct diff in BALLERGY = 1.8% for case no. 4

88



5.5 kJ/ added
T(Szd) T(Ext) Imp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Oam(Ext)

1) 5324.7 5321.1 2067.4 2063.0 8341.5 8456.6 1.2478 1.2440
2) 5273.3 5268.5 2066.8 2062.8 8201.5 8280.0 1.2520 1.2491
3) 5450.5 5445.2 2030.0 2024.4 8353.6 8497.3 1.2430 1.2382
4) 5533.5 5527.4 1965.1 1959.1 8088.4 8256.8 1.2430 1.2373
5) 5302.6 5298.3 2085.3 2081.8 8142.4 8215.5 1.2561 1.2534
6) 5205.1 5197.2 1923.0 1915.7 8548.9 8699.7 1.2249 1.2202
7) 2371.8 2372.8 1391.8 1390.3 6029.4 6064.7 1.2308 1.2292
8) 5232.7 5226.2 2227.8 2220.0 9710.9 9373.8 1.2294 1.2248

Max abs pct diff in MOIERATURE = 0.2% for case no. 6
Max abs pct diff in BALLERGY = 2.1% for case no. 4

6 kJ/g added
T(Std) T(gEz) Imp(Std) Imp(E-l) BaU(Std) BaI(E) Gam(Std) Gam(Ext)

1) 5474.4 5471.3 2148.8 2144.3 8558.1 8698.6 1.2511 1.2465
2) 5443.7 5439.3 2154.4 2150.2 8454.5 8557.6 1.2548 1.2513
3) 5593.1 5588.0 2109.0 2103.1 8542.7 8716.4 1.2469 1.2413
4) 5673.3 5667.2 2042.5 2036.1 8252.8 8456.3 1.2475 1.2408
5) 5480.2 5476.2 2175.4 2171.7 8402.3 8502.0 1.2589 12554
6) 5326.1 5318.5 1993.9 1986.2 8728.3 8896.4 1.2284 1.2233
7) 2510.3 2515.2 1495.7 1495.9 6410.6 6456.5 1.2333 1.2317
8) 5349.6 5343.9 2302.0 2294.1 9921.4 10099.8 1.2320 1.2271

Max abs pct diff in TEMPERATURE = 0.2% for case no. 7
Max abs pct diff in BALLERGY = 2.5% for case no. 4

6.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) MaOl(Ext) Gam(Std) Gamuet)

1) 5621.6 5618.8 2231.0 2226.3 8763.0 8935.3 1.2546 1.2492
2) 5609.2 5605.0 2242.1 2237.7 8690.0 8825.1 1.25s0 1.2536
3) 5734.6 5729.6 2189.2 2182.9 8722.1 8932.6 1.2510 1.2444
4) 5813.6 5807.2 2121.6 2114.6 8409.3 8655.7 1.2523 1.2443
5) 5652.6 5648.7 2265.5 2261.4 8642.8 8778.0 1.2621 12576
6) 5446.6 5439.4 2066.0 2058.0 8903.7 9091.8 1.2320 1.264
7) 2648.4 2657.2 1599.3 1601.0 6789.0 6846.4 1.2356 1.2338
8) 5464.8 5459.7 2376.9 2368.8 10125.5 10321.1 1.2347 1.2295

Max abs pct diff in TEWERATURE = 0.3% for case . 7
Max abs pct diff in BALLERGY = 2.9% for case no. 4
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7 kJ/g added
T(Std) T(Fxt) lmp(Std) Imp(Ext) BaU(Std) BaU(Ext) Gam(Std) Gam(Ext)

1) 5767.0 5764.4 2314.1 2309.1 8955.9 9167.5 1.2584 1.2519
2) 5771.0 5766.8 2330.3 2325.5 8908.2 9064.4 1.2616 1.2560
3) 5875.5 5870.3 2270.9 2264.0 8891.1 9146.3 1.2554 1.2475
4) 5954.5 5947.7 2202.5 2194.8 8556.4 8855.2 1.2574 1.2479
5) 5821.0 5816.9 2355.9 2351.4 8863.8 9045.3 1.2658 1.2600
6) 5566.8 5559.8 2139.4 2131.0 9074.8 9286.0 1.2358 1.2295
7) 2786.6 2798.7 1703.3 1706.3 7166.0 7233.1 1.2377 1.2359
8) 5578.6 5574.0 2452.6 2444.4 10323.6 10538A 1.2376 1.2320

Max abs pct diff in TEMPERATURE = 0.4% for case no. 7
Max abs pct diff in BALLERGY = 3.5% for case no. 4

7.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) BAU(Std) BaII(Ext) Gam(Std) Gamm(xt)

1) 5911.2 5908.4 2398.3 2392.8 9136.2 9396.1 1.2625 1.2547
2) 5930.1 5925.5 2419.3 2413.8 9108.9 9336.9 1.2656 1.2585
3) 6016.2 6010.5 2354.0 2346.4 9048.8 9358.2 1.2601 1.2507
4) 6096.3 6088.7 2285.2 2276.6 8692.6 9054.8 1.2629 1.2514
5) 5986.6 5981.7 2447.0 2441.7 9064.6 9305.7 1.2700 1.2624
6) 5686.8 5680.0 2214.2 2205.4 9241.3 9479.0 1.2396 1.2327
7) 2926.2 2940.7 1808.4 1812.4 7546.9 7620.6 1.2396 1.2378
8) 5691.1 5687.1 2529.1 2520.7 10515.8 10751.9 1.2405 1.2344

Max abs pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 4.2% for case no. 4

8 k1/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ban1(Std) BaUl(Ext) Gam(Std) Gam(.xt)

1) 6054.5 6051.3 2483.7 2477.5 9302.9 9621.7 1.2670 1.2575
2) 6087.2 6081.8 2509.1 2502.8 9291.0 9584.0 1.2701 1.2611
3) 6157.0 6150.6 2438.7 2430.1 9193.9 9568.6 1.2653 1.2540
4) 6239.3 6230.5 2369.9 2360.1 8815.9 9254.8 1.2688 1.2550
5) 6150.0 6144.0 2538.9 2532.6 9243.8 9560.2 1.2747 1.2649
6) 5806.8 5800.1 2290.3 2281.1 9402.8 9671.0 1.2436 1.2359
7) 3068.3 3084.2 1914.9 1919.6 7936.2 8013.3 1.2413 1.2396
8) 5802.8 5799.1 2606.5 2597.9 10702.2 10962.1 1.2435 1.2370

Max abs pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 5.0% for case no. 4
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8.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Bail(Std) Ba&l(Ext) Gam(Std) GammExa)

1) 6197.5 6193.4 2570.4 2563.3 9454.3 9844.8 1.2719 1.2604
2) 6243.1 6236.4 2600.1 2592.6 9452.8 9826.4 1.2751 1.2638
3) 6298.3 6290.7 2525.1 2515.4 9324.5 9777.7 1.2708 1.2573
4) 6383.6 6373.1 2456.5 2445.3 8923.6 9455.2 1.2753 1.2586
5) 6312.1 6304.2 2631.9 2624.1 9399.2 9809.8 1.2800 1.2675
6) 5926.9 5920.2 2367.9 2358.1 9558.7 9861.8 1.2477 1.2391
7) 3213.3 3229.8 2022.8 2027.8 8336.6 8414.3 1.2426 1.2410
8) 5913.7 5910.4 2685.0 2676.1 10882.7 11169.2 1.2467 1.2396

Max abs pct dff in TEMPERATURE = 0.5% for case no. 7
Max abs pct dff in BALLERGY = 6.0% for case no. 4

9 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) DaU(Std) BaW(Ext) Gam(Std) Gam(Ext)

1) 6340.4 6334.9 2658.5 2650.2 9588.5 10065.7 12773 1.2633
2) 6398.2 6389.6 2692.3 2683.3 9592.2 10065.0 1.2807 1.2666
3) 6440.4 6431.1 2613.2 2602.0 9438.4 9985.8 1.2769 1.2606
4) 6529.4 6516.7 2545.3 2532.2 9012.9 9656.0 1.2824 1.2622
5) 6473.4 6462.8 2726.0 2716.3 9527.6 10055.4 1.2861 1.2701
6) 6047.1 6040.4 2447.0 2436.6 9708.4 10051.4 1.2520 1.2424
7) 3360.8 3377.3 2131.6 2136.8 8748.2 8824.7 1.2437 12421
8) 6024.0 6021.1 2764.4 2755.2 11057.1 11373.2 1.2500 1.2423

Max abs pct dff in TEMERATURE - 0.5% for case no. 7
Max abs pct diff in BALLERGY = 7.1% for case no. 4

9.5 kJ/g added
T(Std) T(Ext) Inp(Std) Imp(Ext) Ban(Std) BaUi(Ext) Gam(Std) Gam(Ext)

1) 6483.5 6476.1 2748.1 2738.1 9703.1 10284.6 1.2832 1.2662
2) 6553.2 6541.8 2785.9 2774.8 9705.9 10300.2 12870 12694
3) 6583.4 6572.0 2703.2 2690.2 9532.8 10193.0 1.2836 1.2639
4) 6677.0 6661.3 2636.3 2620.8 9080.2 9857.2 12903 1.2659
5) 6634.3 6620.1 2821.5 2809.2 9625.3 10297.4 1.2931 1.2728
6) 6167.7 6160.8 2527.5 2516.5 9851.1 10239.9 1.2566 1.2458
7) 3510.0 3526.1 2240.8 2246.1 9169.4 9243.4 1.2444 1.2430
8) 6134.0 6131.3 2844.9 2835.3 11225.1 11574.3 1.2534 1.2450

Max abs pct dff in TEMERATURE = 0.5% for case no. 7
Max abs pct duff in BALLERGY = 8.6% for case no. 4
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10 IOkJ/g added
T(Std) T(Ext) Imp(Std) imp(Ext) BaUl(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 6627.1 6617.0 2839.1 2827.2 9795.0 10501.7 1.2899 1.2692
2) 6708.2 6693.2 2881.0 2867.3 9790.4 10532.5 1.2943 1.2722
3) 6727.8 6713.3 2795.2 2779.7 9604.3 10399.3 1.2910 1.2673
4) 6826.7 6807.0 2729.6 2711.1 9121.1 10058.8 1.2993 1.2695
5) 6795.3 67 2918.4 2902.8 9687.7 10536.4 1.3012 1.2755
6) 6288.7 62 2609.6 2597.7 9985.9 10427.0 1.2613 1.2491
7) 3659.8 36,. .1 2349.8 2355.0 9597.0 9667.9 1.2448 1.2436
8) 6243.7 6241.1 2926,5 2916.5 11386.3 11772.6 1.2570 1.2477

Max abs Pct diff in TEMPERATURE= 0.4% for case no. 7
Max abs pct diff in BALLERGY = 10.3% for case no. 4

GRAND TOTALS

MEAN ABSOLUTE DEVIATIONS
Temp (K) Impetus (J/g) Balletgy (J/g)

7.5 6.0 177.0

MEAN ABSOLU' l PIN ENT DEVIATIONS
Temp (K) Impetus (Jfq Ballergy (J/g)
0.175 0.31 lei

ROOT MEAN SQUARE DEVIATIONS
Temp (K) Impetus (J/g) Ballery (.,g)

8.3 6.7 262.1

ROOT MEAN SQUARE PERCENT DEVIATIONS
Temp (K) Impetus (J/g) Ballergy (J/g)

0.20 0.33 2.8
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Appendix F.

Output from COMPARE.BAS:
Compafing the Results from the Standard (CE'89) Library with

Those fum McBride's Extended Library-Ions Included

The two EXMUCET output files am TSTLBOIO.STD and TSTLBOIOEXT

The input (SUMMARY) files are TSTLBSIO.STD and TSTLBSIO.EXT

Thenno library used for first set was
*** McBride's Standard (CET89) Library ***

Thermo library used for second set was
*** B. McBride's EXTENDED-RANGE Library *

Number of energies = 21

0 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 3017.2 3010.2 1080.6 1077.9 4563.5 4583.2 1.2368 1.2352
2) 2552.1 2549.1 944.8 943.5 3729.1 3736.5 1.2534 1.2525
3) 3401.5 3392.2 1139.7 1136.3 5157.6 5184.0 1.2210 12192
4) 3820.8 3811.9 1176.9 1173.5 56862 5723.1 1.2070 12050
5) 2492.9 2490.6 929.0 927.9 3583.1 3588.6 1.2593 1.2586
6) 3748.7 3738.6 1202.4 11982 6217.5 6278.9 1.1934 1.1908
7) 1220.6 1216.5 474.6 472.6 2870.8 2899.8 1.1653 1.1630
8) 3588.9 3574.6 1388.7 1382.5 6534.2 6590.1 1.2125 1.2098

Max abs pct diff in TEMPERATURE = 0.4% for case no. 8
Max abs pct diff in BALLERGY = 1.0% for case no. 7

.5 kJ/g added
T(Std) T(Ext) lmp(Std) Imp(Ext) Ball(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 3320.1 3311.4 1191.1 1187.7 5074.8 5099.6 1.2347 1.2329
2) 2881.3 2877.0 1067.5 1065.7 4274.3 4285.2 1.2497 1.2487
3) 3674.1 3664.1 1235.8 1232.0 5609.1 5640.6 1.2203 1.2184
4) 4022.5 4014.0 1251.2 1247.7 5996.8 6038.1 1.2086 1.2066
5) 2828.0 2824.6 1054.8 1053.3 4129.1 4137.6 1.2555 12546
6) 3903.8 3893.8 1266.6 1262.1 6479.5 6545.9 1.1955 1.1928
7) 1306.9 1302.5 534.0 531.7 3121.9 3155.1 1.1710 1.1685
8) 3795.4 3781.1 1475.7 1469.2 6948.8 7012.6 1.2124 1.2095

Max abs pct diff in TEM1PEATURE = 0.4% for case no. 8
MaxabspctdiffinBALLERGY = 1.1%forcaseno. 7
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I kUJig added
T(Std) T(Mxt) JMp(SUd) Jnp(Ext) BaD(SUd) Rall(Ext) Gam(Szd) Gam(Ext)

1) 3601.2 3591.6 1295.7 1291.9 5549.3 5578.8 1.2335 1.2316
2) 3198.8 3193.1 1186.4 1184.1 48012 4816.0 1.2471 1.2459
3) 3919.4 3909.3 1325.7 1321.7 6013.0 6049.3 1.2205 1.2185
4) 4203.7 4195.5 1322.4 1318.7 6270.2 6315.8 1.2109 1.2088
5) 3152.5 3147.7 1177.0 1175.0 4659.2 4671.3 1.2526 1.2515
6) 4050.1 4040.1 1330.1 1325.3 6723.2 6794.5 1.1978 1.1951
7) 1392.1 1387.5 597.5 594.8 3364.9 3400.3 1.1776 1.1749
8) 3983.1 3969.3 1558.2 1551.5 7323.1 7395.0 1.2128 12098

Max als pct diff in TM ERATURE = 0.3% for ca no. 8
Max •bspctdiffinBALLERGY = 1.1% for case no. 6

1.5 kJI/g added
T(Std) T(Ex) lmp(Std) Imp(Ext) Bafl(Std) San(Ext) Gam(Std) Gam(Ex)

1) 3858.0 3848.1 1394.2 1390.1 5981.7 6015.7 1.2331 1.2311
2) 3500.2 3493.2 1300.6 1297.8 5302.5 5321.0 1.2453 1.2439
3) 4139.4 4129.7 1410.5 1406.3 6371.8 6413.0 1.2214 1.2193
4) 4371.0 4363.1 1392.1 1388.1 6517.5 6567.7 1.2136 1.2114
5) 3461.6 3455.7 1294.6 12922 5165.8 5181.3 1.2506 1.2494
6) 4190.1 4180.2 1393.4 1388.3 6953-5 7029.8 1.2004 1.1975
7) 1478.4 1473.6 665.6 662.5 3606.6 3642.4 1.1846 1.1819
8) 4154.9 4141.9 1637.2 1630.4 7663.0 7743.0 1.2136 1.2106

Max •bs pct diff in 7EMPERATURE - 0.3% for case no. 7
Max abs pctdiffinBALLERGY = 1.1%forcaseno. 6

2 iJIg added
T(Std) T(Ext) Imp(Std) Imp(E) Bal(Std) BSaIExt) Gam(Std) Gom(Ex)

1) 4090.8 4081.4 1487.1 1482.8 6372.1 6410.6 1.2334 1.2313
2) 3782.2 3774.5 1409.7 1406.5 5773.0 5794.4 1.2442 1.2427
3) 4338.5 4329.4 1491.4 1487.0 6692.2 6738.9 1.2229 1.2207
4) 4528.8 4521.1 1461.1 1457.0 6746.4 6802.3 1.2166 1.2142
5) 3752.1 3745.4 1407.1 1404.3 5643.6 5661.6 1.2493 1.2480
6) 4325.3 4315.5 1456.9 1451.5 7173.7 7255.3 1.2031 1.2001
7) 1567.4 1562.4 738.6 735.3 3851.5 3886.6 1.1918 1.1892
8) 4313.8 4301.6 1713.7 1706.7 7974.7 8062.8 1.2149 1.2117

Max abs pct diff in TEMPERATURE = 0.3% for cue no. 7
Max abs pct diff in BALLERGY = 1.1% for case no. 6
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2.5 kJ/g added
T(Std) T(Ext) Iup(Std) bip(ExM) Bal(Std) Bail(Exz) Gam(Std) Gam(Ext)

1) 4302.8 4294.0 1575.5 1571.2 6724.7 6768.2 1.2343 1.2321
2) 4043.6 4035.6 1513.5 1510.0 6209.5 6233.5 1.2437 1.2422
3) 4521.3 4512.9 1569.8 156.2 6982.0 7035.1 1.2248 1.2225
4) 4680.1 4672.8 1530.3 1525s.9 6961.9 7024.8 1.2198 1.2172
5) 4022.4 4015.3 1514.3 1511.2 6089.2 6109.3 1.2487 1.2474
6) 4456.9 4447.4 1520.9 1515.2 7385.9 7473.5 1.2059 1.2027
7) 1660.3 1655.4 817.0 813.3 4103.8 4137.5 1.1991 1.1966
8) 4462.4 4451.2 1788.4 1781.3 8263.7 8360.1 1.2164 1.2131

Max abs pct diff in TEMPRATURE = 0.3% for cue no. 7
Max abs pct diff in BALLERGY - 1.2% for case no. 6

3 kJlg added
T(Std) T(W) Imp(Std) Imp(Ext) BaB(SUI) BaU(Ext) (am(Std) Gam(Ext)

1) 4497.7 4489.8 1660.6 1656.2 7045.6 7095.0 1.2357 1.2334
2) 4285.0 4277.2 1612.7 1609.0 6611.8 6638.9 1.2439 1.2424
3) 4692.0 4684.3 1646.6 1641.9 7247.8 7308.8 1.2272 12246
4) 4827.0 4820.0 1599.9 1595.4 7167.2 7239.3 1.2232 12204
5) 4272.9 4265.9 1616.8 1613.6 6502.0 6524.3 1.2487 1.2473
6) 4585.8 4576.4 1585.6 1579.6 7591.5 7686.1 1.2089 12055
7) 1758.8 1754.0 900.8 897.0 4368.4 4400.1 1.2062 1.2039
8) 4603.0 4592.7 1862.1 1854.9 8534.5 8639.8 1.2182 12147

Max abs pct diff in TEMMERATURE = 0.3% for case no. 7
Max abspctdiffinBALLERGY - 1.2% for case no. 6

3.5 u/g added
T(Sld) T(Ex.) Imp(Std) Imp(Ext) BaVl(Std) Bali(Ext) Gam(Sid) Gam(Ext)

1) 4679.2 4672.3 1743A 1739.1 7340.5 7397A 1.2375 1.2351
2) 4508.4 4501.0 1707.9 1704.1 6981.9 7013.1 1.2446 12430
3) 4853.8 4846.7 1722.7 1717.9 7494.9 7565.8 1.2298 12271
4) 4971.0 49642 1670.5 1665.7 7364.4 7448.1 1.2268 12236
5) 45052 4498.6 1715.3 1711.9 6883.2 6908.8 12492 12478
6) 4712.4 4703.3 1651.0 1644.8 7791.7 7894.3 1.2119 12084
7) 1864.4 1859.8 9903 986.4 4650.8 4680.3 12129 12108
8) 4737.3 4727.8 1935.2 1927.9 8790.6 8905.3 1.2201 12165

Max abs pct diff in TEMPERATURE w 0.2% for case no. 7
Max abs pct diff in BALLERGY = 1.3% for case no. 6
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4 kJ/g added
T(Std) T(Ext) bip(Sd) lnp(Ext) Ball(Std) Bail(Ext) Gm(Std) Gam(Ext)

1) 4850.5 4844.6 1824.9 1820.6 7614.5 7680.9 1.2397 1.2370
2) 4716.3 4709.6 1800.1 1796.3 7322.8 7360.3 1.2458 1.2441
3) 5008.9 5002.4 1798.7 1793.8 7726.8 7810.4 1.2328 12297
4) 5112.9 5106.4 1742.1 1737.1 7554.8 7653.1 1.2306 1.2270
5) 4721.9 4715.9 1810.5 1807.2 7235.1 7266.4 1.2502 1.2487
6) 4837.4 4828.6 1717.4 1710.9 7987.2 8099.2 1.2150 1.2112
7) 1978.7 1974.5 1085.2 1081.3 4957.0 4984.6 1.2189 1.2169
8) 4866.5 4857.8 2008.0 2000.6 9034.6 9159.6 1.2223 1.2184

Max abs pct diff in 7EMM ATURE - 0.2% for cas no. 7
Max abs pct diff in BALLERGY = 1.4% for case no. 6

4.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ex) Bafl(Sd) BaI(Ext) Gam(Std) Gam(Exz)

1) 5014.0 5008.9 1905.7 1901.4 7871.0 7949.9 1.2421 1.2392
2) 4911.5 4905.5 1890.2 1886.4 7637.7 7684.6 1.2475 1.2455
3) 5159.3 5153.3 1875.1 1870.0 7946.3 8045.7 1.2360 1.2324
4) 5253.6 5247.3 1814.9 1809.7 7738.9 7855.7 1.2345 1.2304
5) 4925.4 4920.0 1903.5 1900.1 7560.6 7600.8 1.2518 1.2500
6) 4960.9 4952.4 1784.8 1778.1 8178.3 8301.4 1.2182 1.2142
7) 2102.4 2099.0 1184.9 1181.3 5291.1 5318.0 1.2239 1.2221
8) 4991.6 4983.7 2080.9 2073.4 9268.4 9404.7 1.2245 1.2205

Max abs pct diff in'TMPERATURE = 0.2% for case no. 6
Max abs pct diff in BALLERGY = 1.5% for case no. 4

5 kIlg added
T(Std) T(Ext) Imp(Std) Jnp(Ext) Ball(Std) Ball(Ext) Oam(Std) Gam(Ext)

1) 5171.6 5167.3 1986.4 1982.1 8112.7 8207.6 1.2449 12415
2) 5096.4 5091.1 1978.9 1975.0 7929.8 7990.0 1.2496 1.2472
3) 5306.1 5300.5 1952.1 1946.7 8154.9 8274.0 1.2394 1.2353
4) 5393.6. 5387.5 1889.2 1883.6 7916.8 8056.6 1.2386 1.2338
5) 5118.2 5113.5 1994.9 1991.4 7862.3 7916.1 1.2537 12516
6) 5083.4 5075.2 1853.3 1846.3 8365.5 8501.4 1.2215 1.2172
7) 2234.5 2232.7 1287.8 1284.9 5651.9 5680.7 1.2279 1.2262
8) 5113.4 5106.3 2154.1 2146.5 9493.4 9642.4 1.2269 1.2226

Max abs pct diff in TEMPERATURE = 0.2% for case no. 6
Max abs pct diff in BALLERGY = 1.8% for case no. 4
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5.5 kJ/g added
T(Std) T(Ext) Imp(Std) lmp(Ext) Bai(Std) Bail(Ext) Gam(Std) Gam(Ext)

1) 5324.6 5321.0 2067.3 2062.9 8341.4 8456.5 1.2478 1.2439
2) 5273.2 5268.4 2066.7 2062.8 8201.4 8280.0 1.2520 1.2491
3) 5450.4 5445.2 2030.0 2024.4 8353.5 8497.2 1.2430 1.2382
4) 5533.3 5527.3 1965.0 1959.1 8088.2 8256.6 1.2429 1.2373
5) 5302.5 5298.3 2085.3 2081.8 8142.3 8215.5 1.2561 1.2534
6) 5205.0 5197.2 1923.0 1915.6 8548.8 8699.6 1.2249 1202
7) 2371.8 2372.8 1391.8 1390.3 6029.4 6064.7 1.2308 1.2292
8) 5232.6 5226.2 2227.7 2220.0 9710.8 9873.7 1.2294 1.2248

Max abs pct diff in TEMPERATURE = 0.1% for cue no. 6
Max abs pct diff in BALLERGY = 2.1% for case no. 4

6 kJ/g added
T(Sld) T(.xt) Imp(Std) Imp(Ext) BaII(Std) Bali(Ext) Gam(Std) Gam(Ext)

1) 5474.3 5471.2 2148.8 2144.2 8558.0 8698.5 1.2511 1.2465
2) 5443.6 5439.2 2154.3 2150.2 8454.4 8557.5 1.2548 1.2513
3) 5593.0 5587.9 2108.9 2103.0 8542.5 8716.3 1.2469 1.2413
4) 5673.2 5667.1 2042.4 2036.0 8252.7 8456.2 1.2475 1.2408
5) 5480.1 5476.2 2175.3 2171.7 8402.2 8501.9 1.2589 1.2554
6) 5326.0 5318.5 1993.8 1986.2 8728.1 8896.3 1.2284 1.2233
7) 2510.3 2515.2 1495.7 1495.9 6410.6 6456.5 1.2333 1.2317
8) 5349.6 5343.8 2302.0 2294.1 9921.3 10099.6 1.2320 12.271

Max abs pct diff in TEMPERATURE = 0.2% for case no. 7
Max abs pct diff in BAIJERGY = 2.5% for case no. 4

6.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Bal(Std) Ban(Ext) Gam(Std) Gam(Ext)

1) 5621.5 5618.7 2230.9 2226.2 8762.8 8935.1 12546 1.2492
2) 5609.1 560! 0 2242.1 2237.7 8689.8 8825.0 1.2580 1.2536
3) 5734.5 5729.4 2189.2 2182.8 8721.9 8932.4 1.2510 12444
4) 5813.4 5807.1 2121.5 21145 8409.1 8655.5 1.2523 1.2443
5) 5652.4 5648.6 2265.4 2261.4 8642.6 8777.8 1.2621 1.2576
6) 5446.5 5439.3 2065.9 2057.9 8903-5 9091.6 1.2320 1.2264
7) 2648.4 2657.2 1599.3 1601.0 6789.0 6846.4 1.2356 1.2338
8) 5464.7 5459.6 2376.8 2368.8 10125.4 10320.9 1.2347 1.2295

Max abs pct diff in TEMPERATURE = 0.3% for case no. 7
Max abs pct diff in BALLERGY = 2.9% for case no. 4
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7 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) BaIl(Std) Ball(Ext) Gam(Std) Gam(Ext)

1) 5766.9 5764.2 2314.0 2309.0 8955.7 9167.3 1.2584 12519
2) 5770.8 5766.7 2330.2 2325.4 8908.0 9084.2 1.2616 12560
3) 5875.3 5870.1 2270.7 2263.9 8890.8 9146.1 1.2554 1.2475
4) 5954.3 5947.5 2202.3 2194.7 8556.2 8854.9 1.2574 1.2479
5) 5820.8 5816.8 2355.8 2351.3 8863.6 9045.2 1.2658 1.2600
6) 5566.7 5559.7 2139.3 2131.0 9074.6 9285.8 1.2357 1.2295
7) 2786.6 2798.7 1703.3 1706.3 7166.0 7233.2 1.2377 1.2359
8) 5578.5 5573.9 2452.5 2444.3 10323.4 10538.1 1.2376 1.2319

Max abs pct diff in TEMPERATURE = 0.4% for case no. 7
Max abs pct diff in BALLERGY = 3.5% for case no. 4

7.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) BaiI(Std) Bail(Ext) Gam(Std) Gam(Ext)

1) 5911.0 5908.2 2398.2 2392.7 9136.0 9395.8 1.2625 1.2547
2) 5929.8 5925.3 2419.1 2413.7 9108.6 9336.7 1.2656 1.2585
3) 6015.9 6010.3 2353.8 2346.3 9048.6 9357.9 1.2601 1.2507
4) 6096.0 6088.5 2285.0 2276.5 8692.3 9054.5 1.2629 12514
5) 5986.3 5981.6 2446.8 2441.6 9064.4 9305.4 1.2699 1.2624
6) 5686.7 5679.9 2214.1 2205.3 9241.1 9478.8 1.2396 12327
7) 2926.2 2940.7 1808.4 1812.4 7546.9 7620.6 1.2396 1.2378
8) 5691.0 5686.9 2529.0 2520.6 10515.6 10751.7 1.2405 1.2344

Max abs pct diff in TEMPRATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 4.2% for case no. 4

8 k/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Bal(Std) Bali(Ext) Gam(Std) Gam(Ext)

1) 6054.3 6051.1 2483.6 2477.4 9302.6 9621.4 1.2670 12575
2) 6086.9 6081.6 2509.0 2502.7 9290.7 9583.7 1.2701 1.2611
3) 6156.7 6150.3 2438.5 2430.0 9193.6 9568.2 1.2652 1.2540
4) 6238.9 6230.2 2369.6 2359.9 8815.5 9254.4 1.2688 1.2550
5) 6149.7 6143.8 2538.7 2532.5 9243.5 9559.9 1.2746 1.2649
6) 5806.6 5799.9 2290.2 2281.0 9402.5 9670.6 1.2436 1.2359
7) 3068.3 3084.2 1914.9 1919.6 7936.2 8013.3 1.2413 1.2396
8) 5802.6 5799.0 2606.4 2597.8 10701.9 10961.8 1.2435 1.2370

Max abs pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 5.0% for case no. 4
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8.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) BaUl(Std) BaUl(Ext) Gam(Std) Gam(Ext)

1) 61972 6193.1 2570.2 25632 9454.0 9844.4 1.2719 1.2604
2) 6242.7 6236.1 2599.9 2592.5 9452.5 9826.1 1.2750 1.2638
3) 6297.9 6290.4 2524.8 2515.2 9324.2 9777.2 1.2708 1.2573
4) 6383.1 6372.7 2456.2 2445.1 8923.3 9454.6 1.2753 1.2586
5) 6311.7 6304.0 2631.6 2624.0 9398.8 9809.5 1.2800 1.2675
6) 5926.6 5920.0 2367.8 2358.0 9558.4 9861.4 1.2477 1.2391
7) 3213.3 3229.8 2022.8 2027.8 8336.6 8414.4 1.2426 1.2410
8) 5913.5 5910.2 2684.8 2675.9 10882.4 11168.8 1.267 1.2396

Max ab• pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 6.0% for case no. 4

9 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ban(Std) BaU(Ext) Gam(Std) Gami(Ext)

1) 6340.0 6334.6 2658.3 2650.0 9588.2 10065.1 1.2772 1.2633
2) 6397.8 6389.3 2692.0 2683.1 9591.8 10064.5 1.2807 1.2666
3) 6439.9 6430.8 2612.9 2601.8 9438.0 9985.2 1.2768 1.2606
4) 6528.8 6516.2 2545.0 2532.0 9012.6 9655.3 1.2824 1.2622
5) 6472.9 6462.5 2725.7 2716.2 9527.3 10054.9 1.2861 1.2701
6) 6046.8 6040.1 2446.8 2436.4 9708.1 10051.0 1.2520 1.2424
7) 3360.8 3377.3 2131.6 2136.8 8748.2 8824.8 1.2437 1.2421
8) 6023.8 6020.9 2764.2 2755.0 11056.8 11372.8 1.2500 1.2422

Max abs pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 7.1% for case no. 4

9.5 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Exn) BaUl(Std) BalI(Ext) Gam(Sid) Gam(Ex)

1) 6483.0 6475.7 2747.8 2737.9 9702.7 10283.9 1.2832 12662
2) 6552.6 6541.5 2785.6 2774.6 9705.6 10299.6 1.2870 12.694
3) 6582.8 6571.5 2702.9 2689.9 9532.4 10192.3 1.2835 1.2639
4) 6676.3 6660.7 2635.9 2620.5 9079.9 9856.3 1.2903 1.2659
5) 6633.7 6619.7 2821.1 2809.0 9625.1 10296.9 1.2931 1.2728
6) 6167.4 6160.4 2527.3 2516.3 9850.7 10239.3 1.2566 1.2457
7) 3510.0 3526.1 2240.8 2246.1 9169.4 9243.4 1.244 1.2430
8) 6133.7 6131.0 2844.7 2835.1 11224.7 11573.8 1.2534 1.2450

Max abs pct diff in TEMPERATURE = 0.5% for case no. 7
Max abs pct diff in BALLERGY = 8.6% for case no. 4
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10 kJ/g added
T(Std) T(Ext) Imp(Std) Imp(Ext) Ball(Std) BaU(Ext) Gam(Std) Gam(Ext)

1) 6626.4 6616.5 2838.8 2826.9 9794.6 10500.9 1.2898 1.2692
2) 6707.6 6692.8 2880.6 2867.0 9790.1 10531.8 1.2942 1.2722
3) 6727.0 6712.7 2794.8 2779.4 9604.0 10398.5 1.2910 1.2673
4) 6825.8 6806.2 2729.0 2710.7 9120.9 10057.8 1.2992 1.2695
5) 6794.6 6775.8 2917.9 2902.5 9687.6 10535.7 1.3012 1.2755
6) 6288.3 6281.0 2609.4 2597.5 9985.4 10426.3 1.2613 1.2491
7) 3659.8 3675.3 2349.8 2355.0 9597.0 9667.9 1.2448 1.2436
8) 6243.4 6240.8 2926.3 2916.3 11385.9 11772.0 1.2570 1.2477

Max abs pct diff in TEMPERATURE= 0.4% for cam no. 7
Max abs pct duff in BALLERGY = 10.3% for case no. 4

GRAND TOTALS

MEAN ABSOLUTE DEVIATIONS
Temp (K) Impetus (J/g) Ballergy (J/g)

7.5 6.0 176.9

MEAN ABSOLUTE PERCENT DEVIATIONS
Temp (K) Impetus (J/g) Ballergy (J/g)
0.174 0.31 2.01

ROOT MEAN SQUARE DEVIATIONS
Temp (K) Impetus (J/g) Ballergy (J/g)

8.3 6.7 262.0

ROOT MEAN SQUARE PERCENT DEVIATIONS
Temp (K) Impetus (J/g) Ballergy (J/g)

0.20 0.32 2.8
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Appendix 0.

Output from COMPARE.BAS: The Effects of
Excluding/ncluding Ions with McBride's Extended Library

The two EXMUCET output files are TSTLBONOMXT and TSTLBOIO.EXT

The input (SUMMARY) files are T7MT.BSNO.EXT and TSTI"BSIO.EXT

Therno library used for first set was
B. McBride's EXTENDED-RANGE Library *

Thenno library used for second set was
* B. MczBride's EXTENDED-RANGE Library *

Number of energies = 21

0 kJ/g added
T(no) T(ions) Imp(no) Imp(ion) Ball(no) Ball(ion) Gam(no) Gami(on)

1) 3010.2 3010.2 1077.9 1077.9 4583.2 4583.2 1.2352 1.2352
2) 2549.1 2549.1 943.5 943.5 3736.5 3736.5 12525 1.2525
3) 3392.2 3392.2 1136.3 1136.3 5184.0 5184.0 1.2192 1.2192
4) 3811.9 3811.9 1173.5 1173.5 5723.1 5723.1 1.2050 1.205
5) 2490.6 2490.6 927.9 927.9 3588.6 3588.6 1.2586 1.2586
6) 3738.6 3738.6 1198.2 1198.2 6278.9 6278.9 1.1908 1.1908
7) 1216.5 1216.5 472.6 472.6 2899.8 2899.8 1.1630 1.1630
8) 3574.6 3574.6 1382.5 1382.5 6590.0 6590.1 1.2098 1.2098

Max abs pct diff in TEMERATURE = 0.00% for case no. I
Max abs pct diff in BALLERGY = 0.00% for case no. 8

2 kJ/g added
T(no) T(ions) Imp(no) Imp(ion) Ball(no) Ball(ion) Gam(no) Gam~ion)

1) 4081.4 4081.4 1482.8 1482.8 6410.5 6410.6 1.2313 1.2313
2) 3774.5 3774.5 1406.5 1406.5 5794.3 5794.4 1.2427 1.2427
3) 4329.4 4329.4 1487.0 1487.0 6738.9 6738.9 1.2207 1.2207
4) 4521.1 4521.1 1457.0 1457.0 6802.2 6802.3 1.2142 1.2142
5) 3745.4 3745.4 1404.3 1404.3 5661.6 5661.6 1.2480 1.2480
6) 4315.5 4315.5 1451.5 1451.5 7255.3 7255.3 1.2001 1.2001
7) 1562.4 1562.4 735.3 735.3 3886.6 3886.6 1.1892 1.1892
8) 4301.6 4301.6 1706.7 1706.7 8062.8 8062.8 1.2117 1.2117

Max abs pct diff in TEMPERATURE = 0.00% for case no. I
Max abs pct diff in BALLERGY - 0.00% for case no. 2
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4 kJ/g added
T(no) T(ions) Imp(no) npnion) Ba(no) Bail(ion) Gam(no) Gam(ion)

1) 4844.6 4844.6 1820.6 1820.6 7681.0 7680.9 1.2370 1.2370
2) 4709.6 4709.6 1796.3 1796.3 7360.3 7360.3 1.2441 1.2441
3) 5002.4 5002.4 1793.8 1793.8 7810.4 7810.4 1.2297 1.2297
4) 5106.4 5106.4 1737.1 1737.1 7653.2 7653.1 1.2270 1.2270
5) 4715.9 4715.9 1807.2 1807.2 7266.4 7266.4 1.2487 1.2487
6) 4828.6 4828.6 1710.9 1710.9 8099.2 8099.2 1.2112 1.2112
7) 1974.5 1974.5 1081.3 1081.3 4984.6 4984.6 1.2169 1.2169
8) 4857.9 4857.8 2000.6 2000.6 9159.6 9159.6 1.2184 1.2184

Max abs pct diff in TEMPERATURE = 0.00% for case no. 8
Max abs pct diff in BALLERGY = 0.00% for case no. 4

6 kJ/g added
T(no) T(ons) Imp(no) Imp(ion) Ball(no) Ball(ion) Gam(no) Gamtion)

1) 5471.3 5471.2 2144.3 2144.2 8698.6 8698.5 1.2465 1.2465
2) 5439.3 5439.2 2150.2 2150.2 8557.6 8557.5 1.2513 1.2513
3) 5588.0 5587.9 2103.1 2103.0 8716.4 8716.3 1.2413 1.2413
4) 5667.2 5667.1 2036.1 2036.0 8456.3 8456.2 1.2408 1.2408
5) 5476.2 5476.2 2171.7 2171.7 8502.0 8501.9 1.2554 1.2554
6) 5318.5 5318.5 1986.2 1986.2 8896.4 8896.3 1.2233 1.2233
7) 2515.2 2515.2 1495.9 1495.9 6456.5 6456.5 1.2317 1.2317
8) 5343.9 5343.8 2294.1 2294.1 10099.8 10099.6 1.2271 1.2271

Max abs pct diff in TEMPERATURE = 0.00% for case no. 8
Max abs pct diff in BALLERGY = 0.00% for case no. 8

8 kJ/g added
T(no) T(ons) Imp(no) Imp(ion) BaU(no) Ball(ion) Gam(no) Gamion)

1) 6051.3 6051.1 2477.5 2477.4 9621.7 9621.4 1.2575 12575
2) 6081.8 6081.6 2502.8 2502.7 9584.0 9583.7 1.2611 1.2611
3) 6150.6 6150.3 2430.1 2430.0 9568.6 9568.2 1.2540 12540
4) 6230.5 6230.2 2360.1 2359.9 9254.8 9254.4 1.2550 1.2550
5) 6144.0 6143.8 2532.6 2532.5 9560.2 9559.9 1.2649 1.2649
6) 5800.1 5799.9 2281.1 2281.0 9671.0 9670.6 1.2359 1.2359
7) 3084.2 3084.2 1919.6 1919.6 8013.3 8013.3 12396 1.2396
8) 5799.1 5799.0 2597.9 2597.8 10962.1 10961.8 1.2370 1.2370

Max abs pct diff in TEMPERATURE = 0.00% for case no. 3
Max abs pct diff in BALLERGY = 0.00% for case no. 4
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10 kJ/g added
T(no) T"(ks) Imp() Imp~n) BW(no) BaUin) Gam(no) Gnm(in)

1) 6617.0 6616.5 2827.2 2826.9 10501.7 10500.9 1.2692 1.2692
2) 6693.2 6692.8 2867.3 2867.0 10532.5 10531.8 12722 1.2722
3) 6713.3 6712.7 2779.7 2779.4 10399.3 10398.5 1.2673 1.2673
4) 6807.0 6806.2 2711.1 2710.7 10058.8 10057.8 1.2695 1.2695
5) 6776.3 6775.8 2902.8 2902.5 10536.4 10535.7 1.2755 1.2755
6) 6281.4 6281.0 2597.7 2597.5 10427.0 10426.3 1.2491 1.2491
7) 3675.3 3675.3 2355.0 2355.0 9667.9 9667.9 1.2436 1.2436
8) 6241.1 6240.8 2916.5 2916.3 11772.6 11772.0 1.2477 1.2477

Max abs pct diff in TEMPERATURE = 0.01% for cue no. 4
Max abs pct diff in BALLERGY = 0.01% for case no. 4

12 IJ/g added
T(no) T(OS) Imp(no) hn(z) BU(no) BAU(ion) Gam(n) GOmlon)

1) 7179.5 7178.4 3193.1 3192.5 11354.1 11352.6 1.2812 12812
2) 7292.8 7291.9 3244.5 3244.0 11437.1 11435.8 1.2837 1.2837
3) 7284.7 7283.6 3151.8 3151.1 11216.7 11215.1 1.2810 1.2810
4) 7400.1 7398.6 3087.9 3087.0 10869.3 10867.3 1.2841 1.2841
5) 7390.3 7389.3 3281.4 3280.8 11466.6 11465.0 1.2862 1.2862
6) 6768.4 6767.6 2937.6 2937.1 11159.7 11158.6 1.2632 1.2632
7) 4257.2 4257.2 2780.0 2780.0 11363.7 11363.7 1.2446 1.2446
8) 6679.3 6678.7 3252.2 3251.7 12536.1 12535.1 1.2594 1.2594

Max abs pct dOff in M ATURE - 0.02M% for cme no. 4
Max abs pct diff in BALLERGY - 0.02% for cawe no. 4

14 kJIg added
T(no) T(kms) Imp(no) ImpCoa) BaI(no) Ba(ion) Ga(no) Gam(in)

1) 7738.3 7736.3 3570.7 35693 12181.8 12179.1 1.2931 1.2931
2) 7879.6 7877.6 3627.9 3626.7 12308.3 12305.7 1.2948 1.2947
3) 7863.8 7861.6 3542.1 3540.7 12020.0 12017.2 1.2947 1.2946
4) 8006.1 8003.2 3485.2 3483-3 11685.0 11681.4 1.2983 1.2982
5) 7981.9 7979.8 3660.0 3658.7 12362.3 12359.6 1.2961 1.2960
6) 7265.4 7264.1 3301.2 3300.2 11859.2 11857.3 1.2784 1.2783
7) 4792.3 4792.3 3182.0 3182.0 12958.8 12958.8 1.2455 1.2455
8) 7119.1 7118.1 3605.8 3605.1 13246.9 13245.4 1.2722 1.2722

Max abs pct diff in TEMERATURE = 0.04% for ce no. 4
Max abs pct diff in BALLERGY = 0.03% for case no. 4
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16 U/g added
T(no) T(ios) Imp(no) Imp(ion) Ba(no) BaU(ion) Gam(no) Oam(non)

1) 8285.8 8282.5 3952.6 3950.5 12984.1 12979.8 1.3044 1.3044
2) 8442.5 8439.0 4007.5 4005.3 13149.9 13145.4 1.3048 1.3047
3) 8441.0 8437.0 3942.0 3939.5 12806.4 12801.9 1.3078 1.3077
4) 8612.2 8607.2 3893.6 3890.5 12504.2 12498.3 1.3114 1.3113
5) 8540.0 8536.2 4029.3 4027.0 13231.6 13226.5 1.3045 1.3045
6) 7774.9 7772.5 3688.1 3686.4 12511.0 12508.4 1.2948 1.2947
7) 5278.5 5278.5 3566.1 3566.1 14408.9 14408.9 1.2475 1.2475
8) 7563.7 7562.0 3977.4 3976.1 13892.6 13890.5 1.2863 1.2862

Max abs pct diff in TEMPATURE = 0.06% for cue no. 4
Max abs pct diff in BALLERGY = 0.05% for case no. 4

18 kJ/g added
T(no) T(iom) Imp(no) Imp(ion) Bal(no) Banl(ion) Gam(no) Gam(ion)

1) 8812.9 8807.5 4331.5 4328.1 13762.2 13755.8 1.3147 1.3146
2) 8972.0 8966.2 4376.6 4373.1 13970.1 13963.0 1.3133 1.3132
3) 9001.8 8995.3 4341.5 4337.3 13576.0 13569.1 1.3198 1.3196
4) 9201.1 9192.9 4301.5 4296.3 13327.2 13318.1 1.3228 1.3226
5) 9059.1 9053.0 4385.7 4382.0 14087.0 14078.6 1.3113 1.3113
6) 8296.3 8292.3 4096.4 4093.5 13098.1 13094.8 1.3127 1.3126
7) 5726.1 5726.1 3940.2 3940.2 15716.9 15716.8 1.2507 1.2507
8) 8014.0 8011.3 4366.0 4363.8 14456.2 14453.7 1.3020 1.3019

Max abs pct diff in TEMPERATURE = 0.09% for cae no. 4
Max abs pct diff in BALLERGY = 0.07% for case no. 4

20 kJ/g added
T(no) T(ios) Imp(no) Iop(ion) Ba(no) Bdlion) Gam(no) lamlon)

1) 9313.7 9305.6 4703.6 4698.3 14522.3 14513.4 1.3239 1.3237
2) 9465.9 9457.2 4734.3 4728.8 14785.6 14774.6 1.3202 1.3201
3) 9534.9 9525.0 4733.2 4726.7 14337.1 14327.3 1.3301 1.3299
4) 9759.1 9746.7 4700.6 4692.7 14162.7 14149.0 1.3319 1.3317
5) 9541.3 9532.2 4730.8 4725.2 14948.9 14935.8 1.3165 1.3164
6) 8826.3 8819.9 4522.3 4517.5 13602.5 13599.4 1.3325 1.3322
7) 6145.3 6145.2 4310.3 4310.2 16892.1 16892.0 1.2552 1.2552
8) 8469.3 8465.1 4769.7 4766.3 14918.5 14916.3 1.3197 1.3195

Max abs pct diff In TEMPERATURE = 0.1% for case no. 4
Max abs pct diff in BALLERGY = 0.10% for caw no. 4
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22 kJ/g added
T(no) T(iOM) Imp(no) ImpWic) Banlo) BaIkion) Gun(n) GamOlon)

1) 9787.7 9776.1 5068.6 5060.8 15277.8 15265.9 1.3318 1.3315
2) 9928.0 9915.5 5063.3 5075.2 156202 15603.9 1.3254 1.3253
3)10036.4 10021.9 51152 5105.5 15110.5 15096.7 1.3385 1.3382
4) 10281.5 10263.8 5068.6 5077.0 15034.1 15013.8 1.3385 1.3382
5) 9992.5 9979.6 5068.5 5060.3 15843.4 15823.5 1.3199 1.3198
6) 9358.8 9348.9 4960.9 4953.4 14010.5 14009.4 1.3541 1.3536
7) 6543.9 6543.7 4680.1 4680.0 17939.4 17939.0 1.2609 1.2609
8) 8927.6 8921.3 5186.2 5180.9 15260.5 15260.3 1.3398 1.3395

Max abs pct diff in MeMATURE = 0.2% for ca no. 4
MaxabspctdiffInBALLERGY = 0.1% for case no. 4

24 kJIg added
T(no) T(im) Imp() Imp(on) Bail(no) Blimon) Gam(no) Gm(ion)

1)10238.1 10222.1 5428.9 5417.8 16050.8 16035.6 1.3382 1.3379
2) 10364.2 10347.0 5427.2 5415.7 16505.6 16482.0 1.3288 1.3286
3) 105M8.4 10488.3 5489.2 5475.4 15931.2 15912.0 1.3446 1.3441
4) 10770.9 10746.7 5466.9 5450.6 15984.8 15954.9 1.3420 1.3416
5)10419.1 10401.6 5402.4 5391.0 16803.2 16773.9 1.3215 1.3214
6) 9887.2 9872.3 5407.2 5395.7 14319.8 14324.6 1.3776 1.3767
7) 6927.3 6927.0 5052.1 5051.8 18857.4 18856.7 1.2679 1.2679
8) 9386.2 9376.9 5613.2 5605.2 15467.2 15472.1 1.3629 1.3623

Max abs pct diff in TEM RATURE = 0.2% for cuse no. 4
Max abs pct diff in BALLERGY = 0.2% for case no. 4

26 kJ/g added
T(no) T(imo) Imp(no) Imp(on) Bal(no) Bain) Gam(no) GnM(on)

1)10669.7 10648.3 5787.1 5771.9 16876.9 16858.0 1.3429 1.3424
2) 10779.7 10756.9 5769.0 S753.4 17484.4 17451.0 1.3300 1.3297
3)10955.6 10928.8 5857.7 5838.8 16852.6 16825.9 1.3476 1.3470
4)11232.5 11200.5 5838.0 5815.9 17083.8 17039.5 1.3417 1.3413
5)10826.4 10803.3 5735.4 5719.8 17871.7 17829.5 1.3209 1.3208
6) 10406.0 10384.3 5857.6 5840.4 14550.2 14567.2 1.4026 1.4009
7) 7299.3 7298.7 5427.4 5426.8 19639.7 19638.7 1.2763 1.2763
8) 9843.1 9829.6 6049.0 6037.3 15532.3 15547.9 1.3894 1.3883

Max abs pct diff in TEMPERATURE = 0.3% for cue no. 4
Max abs pct diff in BALLERGY - 0.3% for case no. 4
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28 k JI added
T(no) T(ions) limp(o) Impion) Bn(no) Bal(ion) Gan(no) Gam(ion)

1)11086.8 11058.6 6145.5 6124.9 17814.7 17790.6 1.3450 1.3443
2)11178.7 11149.1 6110.8 6089.9 18616.0 18569.7 1.3283 1.3279
3)11382.5 11347.5 6222.8 6197.4 17954.3 17917.2 1.3466 1.3459
4)11670.7 11629.5 6202.7 6173.7 18435.7 18369.9 1.3365 1.3361
5)11218.1 11188.3 6068.8 6048.1 19109.2 19049.7 1.3176 1.3175
6)10912.2 10881.7 6309.6 6284.8 14757.7 14796.0 1.4275 1.4248
7) 7b62A 7661A 5807.0 5806.0 20276.6 20275.3 1.2864 1.2864
8) 10296.9 10277.8 6493.1 6476.1 15465.9 15501.6 IA198 1A178

Max abs pct diff in 'EMOOEATURE - 0.4% for cue no. 4
Max abs pc• diff in BALLERGY = 0.4% for case no. 4

30 kJl/g added
T(no) T(ios) Imp(no) ImpC('a) Bali(no) Bailion) Gan(no) Gam(ion)

1) 11492.5 11455.9 6504.6 6477.3 18964.9 18930.9 1.3430 1.3422
2) 11563.6 11526.0 6452.8 6425.3 19985.2 19921.7 1.3229 1.3225
3)11791.3 11746.7 6584.0 6550.9 19355.2 19302.4 1.3402 1.3394
4)12087.0 12035.2 6559.1 6522.0 20195.5 20096.2 1.3248 1.3245
5)11596.3 11558.6 6402.7 6375.7 20600.2 20517.8 1.3108 1.3107
6) 11404.3 11362.4 6761.2 6726.3 15059.8 15129.8 1.4490 1.4446
7) 8018.5 8016.8 6191.4 6189.8 20756.0 20754.7 1.2983 1.2982
8) 10747.5 10720.8 6945.3 6920.9 15309.8 15378.8 1.4537 1.4500

Max abs pct diff in TEMPERATURE = 0.4% for cue no. 4
Max abs pcit diff in BALLERGY = 0.5% for case no. 4

32 kJ/g added
T(no) T(iem) Imp(no) ImpCn) Ball(no) Bai(im) Gam(no) GAM(iea)

1)11886.9 11840.3 6861.7 6826.4 205052 20444.7 1.3346 1.3339
2) 11934.9 11887.8 6793.2 6757.9 21712.3 2162..5 1.3129 1.3125
3)12181.6 12125.9 6937.9 6895.6 21233.4 21152.4 1.3267 1.3260
4)12478.8 12415.3 6900.7 6854.9 22588.7 22430.4 1.3055 1.3056
5)11961.3 11914.4 6735.3 6700.8 22463.1 22349.6 1.2998 1.2998
6) 11879.0 11822.7 7206.7 7159.1 15687.3 15791.8 1.4594 1.4533
7) 8368.9 8366.3 6581.3 6578.7 21064.5 21064.0 1.3124 1.3123
8)11194.6 11157.7 7404.7 7370.3 15171.7 15289.5 1.4881 1.4820

Max abs pct diff in TEMPERATURE = 0.5% for case no. 4
Max abs pct diff in BALLERGY = 0.8% for case no. 8
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34 kJ/g added
T(no) T(tom) Imp(n) bnpio) DO) Baliom) Gun(no) Oamiion)

1)12265.7 12206.2 7208.6 7165.0 22752.7 22614.3 1.3168 1.3168
2) 12290.8 12232.8 7127.8 7063.4 23969.7 23844.9 1.2974 1.2971
3)12548.7 12481.0 7276.0 7224.2 2385.2 23708.9 1.3050 1.3047
4)12838.6 12764.0 7215.5 7162.4 25936.2 25655.9 1.2782 1.2792
5)12311.2 12253.9 7062.1 7019.0 24863.9 24703.1 1.2840 1,2841
6) 12326.3 12254.2 7631.5 7570.3 17064.0 17180.3 1.4467 1.4406
7) 8714.8 8710.8 6977.3 6973.4 21187.9 21190.0 1.3293 1.3291
8) 11635.2 11585.4 7866.0 7818.7 15307.3 15475.2 1.5139 1.5052

Max abs pct diff in TEMPERATURE - 0.6% for cue no. 6
Max Ab pct diff in BALLERGY a 1.1% for cueno. 8

36 kJ/g added
T(no) T(iom) Imp(no) Implon) Bal(no) Ball(ion) Gam(no) Gum(ion)

1)12617.3 12550.1 7528.6 7479.1 26237.6 25886.2 12869 1.2889
2)12626.3 12556.9 7448.3 7394.4 27002.8 26799.9 1.2758 1.2759
3)12883.3 12804.8 7584.3 7525.1 27599.0 27291.7 1.2748 1.2757
4) 13154.4 13072.1 7486.7 7431.0 30658.7 30111-5 1.2442 1.2468
5)12641.4 12573.0 7375.4 7323.4 28034.7 27786.7 1.2631 1.2636
6)12724.9 12640.3 8006.7 7936.9 20011.7 19921.3 1.4001 1.3984
7) 9057.2 9051.4 7380.7 7374.8 21111.5 21119.6 1.3496 1.3492
8) 12058.3 11994.1 8312.3 8251.5 16285.1 16430.7 1.5104 1-5022

Max abs pct diff in TEMPERATURE - 0.7% for cue no. 6
Max abs pct diff in BALLERGY - 1.8% for cae no. 4

38 kJ/g added
T(no) TX('s) Imp(no) Ir(pi') Bano) Balio) Gum(no) Gum(ion)

1)12923.0 12851.6 7797.2 7749.0 31637.3 30825.5 1.2465 1.2514
2) 12933.1 12853A 7742.1 7680.7 31149A 30766.7 1.2485 1.2496
3) 13172.7 13088.1 7844.5 7784.3 32926.6 32258.1 1.2382 1.2413
4)13415.3 13332.0 7699.0 7648.9 37147.8 36105.1 1.2073 1.2119
5)12944.0 12865.6 7663.4 7604.2 32290.6 31858.8 1.2373 1.2387
6) 13049.0 12961.5 8298.0 8232.1 25333.3 24710.3 1.3276 1.3331
7) 9397.3 9389.0 7792.8 7784.2 20821.0 20840.6 1.3743 1.3735
8)12438.5 12363.9 8707.8 8639.7 19125.9 18994.2 1.4553 1.4549

Max abs pct diff in TEMPERATURE P 0.7% for cue no. 6
Max abs pct diff in BALLERGY - 2.8% for case no. 4
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40 kJlg added
T(no) T(ions) Imp(no) Imp(in) Bal(no) BaU(on) Gam(no) Gamion)

1)13169.0 13100.7 7996.9 7958.8 39349.4 37832.6 1.2032 1.2104
2) 13200.9 13114.9 7993.5 7930.4 36797.3 36040.3 1.2172 1.2200
3)13408.3 13324.6 8044.0 7991.5 40147.0 38868.1 12.004 1.2056
4)13619.9 13542.0 7849.6 7812.3 45484.4 43748.9 1.1726 1.1786
5)13209.4 13124.8 7911.2 7850.3 37994.7 37196.7 1.2082 1.2110
6) 13291.2 13210.8 8495.5 8444.9 33274.1 31838.4 1.2553 1.2652
7) 9736.1 9724.6 8215.2 8202.8 20302.5 20342.8 1.4046 1.4032
8) 12746.4 12671.2 9011.9 8949.9 24833.7 24038.9 1.3629 1.3723

Max abs pct diff in TEMPERATURE = 0.7% for cae no. 2
Max abs pct diff in BALLERGY - 4.3% for case no. 6

GRAND TOTALS

MEAN ABSOLUTE DEVIATIONS
Temp (K) Impetus (J/g) Baliergy (J/g)
20.7 15.3 105.2

MEAN ABSOLUTE PERCENT DEVIATIONS
Temp (K) Impetus (J/g) Baliergy (J/g)
0.174 0.22 0.36

ROOT MEAN SQUARE DEVIATIONS
Temp (K) Impetus (J/g) Balier (J/g)
34.6 25.7 297.4

ROOT MEAN SQUARE PERCENT DEVIATIONS
Temp (K) Impetus (J/g) Balergy (Jig)

0.28 0.35 0.9
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AppeMixL

Compaiao of dt Species

witd Mole Fracinm OGresr dm 1.0 x l0e

Produced by Two Diffeta TIMno Libauis

NOTE: Tese prouct are for C•r i, Wo No. I wih 5000 J1,, Of'add Energy.

OLD (SD) LB NEW (EXENDED) LB I OLD (STD) LB NEW (E DED) LM

C2H2 3.936E-07 C2H2 3.391E-07 I CH3OH 1-569E-07 CH30H 15309-0
C 2.00SE-06 C 2.031E-06 N N 3.874E-04 N 3.873E-04
C2H RAD 2.412E-07 C2H 1.251E-07 I N2 2.4882-01 N2 2.494E-01
CCO RAD 2.128E-06 CCO RAD 1.685-06M N N2H2 1.847E-06 N21H2 1.789E-06
CH 2.979E-06 CH 2.642E-06 I N20 4.212E-05 N20 4.106(46
CH2 4.722E-06 CH2 4.812E-06 I N3 2.328E-07 N3 2.303E-07
CH3 5.728E46 CH3 5.250E-06 I N3`H 2.425E-07 N3H 2.372E-07
C04 1.553E-06 C04 1.830E-06 I NCN` RAD 2.704E-07 N`CN 1.9312A46
CN 4.147E-05 CN 3.729E40 I NCO 2.678E-05 NCO 1.752E054
CO 2.813E-01 CO 2.823E-1 I NH 8.0505-04 NH 5.215E-04
C02 3.857E-02 C02 3.7742.02 I NH2 4.906E-04 NH2 4.789E-04
CH20 8.209-05 C120 6.732E-05 I NH2OH 3.052E-06 NH2OH 2.80.-06
HCOOH 8362246 HCOOH 8.320E5 I NH3 3.109E-04 NH3 4.012E-04
H 4.4892-02 H 4.4772-02 U NO 1.7462-0 NO 1.712E-02
1H2 1.335E-01 112 1.316E-01 I N02 4.068246 N02 3.892E05
H2N2 1.1132-6 --- ---- 1 0 8.9905-03 0 8.842E-03
I120 1.6805-01 !H20 1.706-01 1 02 4.309E-03 02 4.179E-03
H202 7.128E-05 1H202 8.200E-05 1 03 1.9122-07 03 6,246B47
HCN 3.197-,4M HCN 3.241E-04 N OH 4.9822-02 OH 4.877E-02
HCO RAD 1.053E-03 HCO 1.035E-03 I ... .... CH2OH 1.584E-06
HNCO 8.3142-,0 lKCO 8.1822-05 I ---- CNN 1.957E-06
HNO 2.8905-04 HNO 2.999E-04 I --- ---- CHCO 2.409E.47
HNO2 2.549E-0 HNO2 2.410E40 I --- ---- COOH 2.663E-04
H02 2.4872-04 H02 2.3322-04 I --- ---- HNC 13682E-
C130 9.268E07 --- .... I --- ---- CH30 1.734EY7
KETENE 3.037E,07 KETENE 2.735247 I
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Appnd 1.

Listing of Thermodynarmic Tables Supplied by NIST

ARL Requested NISTr Sent Tables ARL Requested NIST Sent Tables
COEFS for for COEFS for for

C Curban, monawmic N2 -----

C+Carbon, unipositive N+ Nitrogen, unipositive
C- Carbon, uninegative N2+ .....
C2 CCH (g) Radical N2- .....
C2- .... N20+ ----

CH CH (g) NO NO (g)
CH+ 0H+ (g) NO+ (g)
01H2 0I12 (g) N02 (g)
CN C N (g) N02- (g)
04+ 04+(g) 0 Oxygen monatmic
CN- CN- (g) 0+ Oxygmn unipositive
CO -- -- 0- Oxygen uninegative
C02- C02- (g) 02 --t..

electron gas 02- -- --

-Hydrogen monatomic OH OH (g)
H+ Hydrogen, unipositive OH+ OH+ Hydroxyl positive
H- Hydrogen, unnegative OH- OH- Hydroxide
1H2+ - --- ONO- ------

IHI- - --- Tm Titanium, monatomic
N Nfitrogen monaomnic 7i+ Titanium, unipositive
N- Nitrogen, unumegtive MiO TiO (g)

TitwAim, uninegative
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ApedxJ.

Comparisn of Tbermodynanic Tables

Prdued by d ac from the LAC Coefficdents

with Tomse Fumlnad by NIST

Unts an Joules, moles, and Kelvius

NAW
HEAT CAPACITY ENTROPY ENTHALPY Number

MnAvDav Pct RMS MnAvDcv Pct RMS MnAvDev Pct RMS of P1s

C+ Cabao unipositive ion
0.002 0.020 0.000 0.001 1.2 0.00 102

electun gas
0.004 0.019 -0.000 0.005 0.0 0.01 102

H+ Hydrogen, unipostive ion
0.004 0.019 4000 0.002 0.0 0.01 102

H- Hydrogen, uninegative ion
0.004 0.019 -0.000 0.002 0.0 0.01 102

O Oxygen, monatmic
-0.001 0.073 -0.002 0.002 -8.3 0.01 102

0+ Oxygen, unipositive ion
0.001 0.029 0.001 0.002 1.1 0.01 102

N+ Nibogen. unipositive ion
0.000 0.016 0.001 0.001 0.3 0.01 102

N- Nitrogen, uninegative ion
0.001 0.015 0.001 0.001 0.2 0.01 102

N Nitrogen, monatomic
-0.003 0.097 -0.000 0.002 -18.1 0.02 102

H Hydrogen, monatomic
-4.001 0.167 -0.003 0.003 -17.0 0.03 102

0- Oxygen, uniegative ion
-0.001 0.026 0.002 0.002 -11.1 0.03 102
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C Carbon. mommatmic
0.007 0.268 -0.004 0.004 -26.3 0.04 102

OH- Hydroxyl negative ion
0.133 0.409 0.052 0.032 407.3 0.20 102

N02- Nitrogm dioxide negative ion
0.331 1.090 40656 0.207 221.0 0.52 62

CN- Cyande
0.133 0.461 1.131 0.405 795.9 0.58 102

CH2 Methylene
-0.070 0.907 1.103 0.393 419.9 0.72 62

NO+ Nitric oxide positive ion
0.969 5.001 0.186 0.103 1221.3 0.75 102

OH Hydroxyl
-1.654 9.444 0.187 0.148 3.7 1.07 102

NO Nitric oxide
1.668 7.135 0.409 0.213 2798.2 1.58 102

OH+ Hydroxyl positive ion
0.858 4.395 0.925 0.423 4616.5 2.24 102

CN Cyanoge
1.794 5.198 1.042 0.430 5074.3 2.29 102

CH Metiylidyne
-3.148 12.080 -0.999 0.480 -5007.8 2.69 102

CCH Ethynyl Radical
-1.749 5.545 9.548 2.966 -3400.1 4.20 102

N02 Nitrogm dioxide
4.763 10.896 3.027 1.007 7630.9 4.43 62

C- Cabon, uninegative ion
-3.654 17.626 -1.720 1.188 -5994.0 8.22 62

CN+ Cyuogen, ion
1.978 8.993 -5.291 2.514 13159.2 10.87 102

CH+ Methylidyne, ion
3.852 23.368 8.505 3.711 30723.0 16.33 102
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Appendix K

LitAn of Prop. TIOFFF

PROGRAM TIGFM

C
C Tris versuLo 26 January 1993

C Speificaiy adapd to creating coeffiduns for EBXLAKEL Thu
C pbogram is he fifth of a win of prgrm named elde" TIG1C
C or T•OFIMTX (I = 1,) Tht progmim is aecificaily desid to
C get Its input data from fth tibabe SW=~ to ARJJWTEAPCD by Ws
C Bonne McBride (NASA Lewis Rearch Center). Her tab•s have 9
C comms per empeatuz. For use wih ts pogram they have been
C copied into TABLES.'; the sentinel lUn,
C 9999., 999, 99.9., 0.9, 0.09 , 99., 99., 99.
C his bern added, and the title Une (which contals ft nine of die
C spces)h asb eb c lnged. A '$'a-s wplamedInco I aa
C sentinel and the name of de pecies strts In atl 8.

C See TIGFMI6 for a venion designed for Input hm Ute JANAF Tables
C tape. It would not be difficult to modify die pmsem progrm to
C acept on or other of tae Wm but i is oi brhave a
C separate progra.

C Tbis one has all of the features of T710FG 4 (use of to T
C sentinel; computation of measures of goodness of-fit); A N D It
C includes the cut-off at 15 000 K.

C See the Comments at the beginning of TIGRIT4 for fuither details.

C In this vesion, ft output files have been chuiged from T11GfT.OWr
C and TIGFIT.AUX to TIG7 r5.OUtr and TGCFrS.AUX

IMPLICT REAL*8 (A-H,O-Z)
C

DIMENSION A(7,7), B(9), KX(7), JUNK(S0)
DIMENSION TK(W 0), O 0P(500), SS(500), HH(50)

CHARACTER XNAME010,HASE66 JUNK*l, SEM*l
PARAMETER (N6=0)
LOGICAL Wr'MP

COMMON /COEFS/ B, NUM
COMMON /FUNCS/ TI. CIP, SS, ML TFIX. TSTART, ENT1RO. HOFJ,

$ XNAME PHASE
COMMON /IOSTUF/ LL LO
COMMON /LSTSOJ T, , T3, T4, 73. T6, TM2, TM3, TW4. T14, TM6,
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$ Y, Y772. YT3, TM, SN, YTM2.f rr, YrM, YTM3

DATA FHASE/ 'GAS '
C

LO) - 6
LI-S5

OPEN (LILE-'T~EMPSJN',STATUS-'OLD')
OPEN (3,FILEUETGFrrh.Ot~r',SATUSa-UNKNOWN')
OPEN (LOJFILE-'TGMrFAUX',STATUS-'UNKNOWN')
OPEN (4jFILl~'ClEKK',STATUS-'UNKN0WN')
OPEN 0JU,FLE'CALORIC',ACCESS-.APPEND')
WRniE (2, 81)

81 FORMAT ('11e, data cards for the TIGE code are (wilts -calories'
$ ',ols, & K):)

C
C CALL LOGO
C

REWIND LI
READ (LI, *, END-33) MPIX, TSTART
CLOSE (LI)
OPEN (LI, ='-TABLESJN',STATUS--'OLD)
REWIND LI

10 READ(LI,1020END-33) SENT, XNAME
1020 FORMAT(A1,6X. A6 )

IF (SENT .NE. T$) GOTO 10

WRITE (N6,200) XNAME
2008 FORMAT(lX,'Proeussng -= '.AIO)

C Initialize the elements that will make up the matrix
CALL FMATR (0, X1, X2)

C
C Slk ite header linein the t"b

READ (LI, 499, END-33) RUNK
499 FORMAT (SOAl)

C Read the firs line of data.
15 READ(LI,, END=33) TEM, CP. Xl, HMH29L ENMRPO. X2. X3, HOFI, X4

C Is semperunue the fixed tefnpetatwe? If not. read another line
IF (EM.C LT. TFIX-0.05 OR- TBM .GT. TFIX+0.05 ) GOTO 15

C Yes, it is thefixed T. IsT Fix -T Start?
C Ifft is, then start saviag dam anad ontieo frend the tabe

20 IF (TMW GE. TSrART-0.05 .AND. TEM LE. TSTART+O.05 )THEN
XTul
TK(l) - TMART
CPP(l) =-C
SS(l) -ENMMP
HH(l) w HMH29
HiTEMP a .ALSE.
007035

END IF
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C No. TFix wu't T Slt Kap WoakiugfaT Swt
25 READ (LI,, ENDw33, ERR999) TMN CP. XI. HMH298, EY4TOP, X2,

S X3, ENTHALP. X4
IF (iBm .LT. TsTARTo. .OR . TBM GOT. TSTART4O.05 ) OOTO 25

C At IMt T Stot baa bern ftux sa" values andl keep IMadIt table
29 KT-i

TKWl) - TSTART
FPF(l) - (P

55(1) a ENTROP
111(1) - HMH298
HrrEMP - FALSE.

CALL FMATR (1. MO(1. CP)

35 KT- KT+lI
READ(LI,*. END-33) TEM CP, XI, HMH298, ENTROP, X2,

$ X3. ENTHALPI X4
rMK(KT = TEM
O'P(KI) - C
SS(KI) -ENRMOP
HH(KT) -HM(H298

C WRiTE (LO,*) KT, TEM,'CP ENTROP
IF (TM .LE. 14999.DO) GOTO 49
IF (rMW.GE. 15000.DO) THEN

HMTEMP - .TRUE.
00T0 60

END IF

49 ]IF (CF EQ. 999.ODO) GOTO 60
CALL FMATR (1, TK(KI), CP)
IF (.NOT. HU~MP) GOTO 35

60 NUM=KT-1

IF (IEIIT) NUM=KT

B(1) Y
W~) -YT

B(3) -Y'FZ
5(4) -Y73
B(5) Y7h
B(6) YFM2
B(7) -YTM3
A(1.1) -SN
A(2.5) - SN
A(3,6) m SN
A(4,7) - SN
A(S,2) - SN
A(6.3) - SN
A(7.4) aSN
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A(2.1) - T
A(3,S)•- T
A(46) = T
A(1.2) T
A(5.3) T
A(6.4) T
A(3,1) T2
A(2.2) T2
A(4.,5) 2
A(1,3)aT2
A(5,4) ='12
A(4,1) ' T3
A(2.3) = T3
A(I,4) 'T3
A(3.2) - 3
A(5,1) I lM
A(2.6) 7 TM
A(3M7 - Id
A(1,5) =TM
A(6,2) = TM
A(7,) - 1M
A(6,1) = TAG
A(2,7) = I2
A(5.S) - Td2
A(I6) =wTh2
A(7,2) = Tb2
A(7.1) - TM3
A(5,6) = TM3
A(1.7) = TW
A(6.S) IdS
A(2,4) = T4
A(3,3) = T4
A(4,2) = T4
A(3,4) =TS
A(4,3) 1'S
A(4,4) = T6
A(5,•7) = "rW
A(6,6) = TM4
A(7.5) = Id
A(6,7) = TM
A(7.6) = TMs
A(7,7) = TM6
CALL SOLVEX(7, A, B, KX, 0, KERR)
IF (KEMR .LE. 0) COOY 66

64 STOP
66 X= T7FX/1000.

B(S) a HO - TFIX * .31451 (((B(4) X 4.0 + B(3)

A3.)*X + B(2)/2.0)*X +B(l)-((B(7)I(X*2.0)

A + B(6))IX - B() * DLOG(X))IX)
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BM9 EWflRPKJ-SL31451*((((4) X 3.0 + (3)/2.0)
A*X+3e))*X +D(1)*DLOO(X)-((5(7/(3.0*X)+
AB(6)/2.0)IX +D(S))IX)

WRrM (LO. 70) XNA&E, PHASE
70 FORMAT5X, A10. /. 5X~ 131111 Phe bs, A6. I

WRM' CLO,22) TFDX. TSTAtrT, EaMRP HOFJ
22 FORMAT(C'F inxd atT -', F11.X

$ 'FuitSUMatT n', F11.21
$ ' Eem~pyatT Fixm',F1.2/
s 'EiEbd yat yT Fix 'FIO.1

C WRITE (4,71) XNAME, PHASE
C 71 FORMATQSX, A1O, 'FuMe -,A66

C DO 9677 JJK-1,NUM.
C IJKIm JIK
C L1K2 - IJK1+3
C IF (UK2 .OT. NUM) IJK2 a NUM
OM87 WRrM (4,9878) (U1, TK(I) U=UK1JJK)
C9978 IFORMAT(41,)F.,X)

WRrlM (LO. 80)
80 FORMAT C Tim dma car&l for the TIGE code are (unit -iles,

$ 'mls, & K). I
1-1
WRITE (LO.90) XNAME, PHASE, 1. 3(1), B(2). 3(3
WRITE (3,95M XNAME, PHASE. 1.(1), 3(2). B(3)
WRITE (2,95) XNAME, PHASE, L 3(1), 3(2), 3(3)
1=2
WRrM (LO,90) XNAME, PHASE, L. B(4), B(5). B(6)
WRrM (3.95) XNAMH, PHASE. L B(4). B(S). B(6)
WRITE (2.95) XNAME, PHASE, I. 3(4). B(S), B(6)
1-3
WRITE (LO190) XNAME, PHASE, L. B(7). B(8). B(9)
WRJ1E (3.95) XNAME, PHASE, 1. BM.) 3(8), B(9)
B8 m 3(S$/.184D0
39 - B(9)14.184D0
WRrM (2,95) XG1AME, PHASE, 1,3B(7), B8,3B9

90 FORMAT(=X 5H5IR,. ,A6, '.'. A6, '.' ,2,3(2H1, ,PD14.7))
95 FORMAT( 5HSTR. A6, ',',A6, '.',12, 3(2H, ,IPDI4.7))

C WRflE(4, 110)
110 FORMAT(/' T CPS
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$ 'H-H298 MU)RT*)
120 FORMAT(1XP2,FIS.3,FS.3714.3,F14.4)

T a 298.15
CALL CALC (TJMOFO.SJI)

C WRITE (4, 120) T. CP. S, H
T - 300.0
DO 130 In1.191
CALL CALC (T.HOIFJ,(PSJ

C WRITE (4,120) T, (P. S. H., UU
130T wT + 100.0

C WRIIE (LO, 70) XNAME, PHASE
C WRrME(LO,I1I0)

DO 140 1 =1, 30
CALL CALC (TOJM(PoSJI)

C WRrTE (4.120) T.CP.S. ILUU
140T aT + 100.0

C GOTOI10
T n 6000.0
DO 130 1 -1,9
CALL CALC (T.HOFJ,(P.SJR)

C WRrME(4,120) T, CP, S. H.UU
150OT aT+ 1000.0

CALL GOODF5

GO TO 10

999 WRITE (LO, *) TEM, (P. XI. HIMH2. ENTROP, X2
WRITE (4. *) BM. (P, XI, HUMHS ETRMOP, X2

33 STOP

END
SU13ROUTINE SOLVEX(N, A, 5, MX K. KERR)

C
C

IMPLCIT REALOS (A-HO-Z)
DIMENSION A(7,7), B(M. KXC1). T(7)
EPS a OA
KERR a-0
EF (K) M0,10,1W0

10DO20 i-1,N
20 KXJ) a J

DOISO I-I.N
lIMI -1-
F (DMI) 30.,50, 30

30 DO40 J a1, RAI
KJ a 17,Q)
Q mA(LKJV)

120



JI =J+ I
DO40 L" JPI, N
XL = KX(L)

40 A( L) A(I. KL) - Q AO. KL)
50 Kl K-mI)

Q m DABS(A(I. KO))
IF (N- 1) 100.100,60

6OL-!
IPI -I+ I
DOS80 J- IPI, N

AlKJ - DAIS(A(L. U))
W (ACJ - Q) W, 30,70

70Qw AUCJ
L=J

80 CONTINUE
IF (L- 1) 90, 100,90

90 J a KX(L)
KX(L) = KX(I)
KX(I) J

100 IF (Q - PS) 110, 110, 120
110 KERR -I

RETURN
120 K! - KX(1)

Q nA(L. KI)
7 (N - ) 150, 150, 130

130 DO 140 J - IP, N
KU a KX(J)

140 A(L KJ) - A(L KJ)/Q
150 CONTrNUE
1601D0200 I- 1,N

Q a B()
IM - I - I
IF (IMI) 190,190,170

170DO130 0 J I. IMI
KJ =KX(J)

180 Q - Q - A([ KI) * B3()
190 K! - KX(I
200 B() - Q I A(L KI)

DO230 IC- I,N
I - N - IC + I
Q=B(I)
I (N- 1) 230,230,210

210 MlI - I + I
DO220 J- IPI, N
o n KX(J)

220 Q - Q - T(J) * A(L KJ)
230rT() - Q

D0240 J-1,N

121



Ki m KX(J)
240 B=KJ-T(J)

SUBROWUTOM CALC CrJIOFJ.CAMSI

OUdIUQ REALS (A-HO-Z)
COMMON XOVS MM(

TH =T/ 1000.0
TH2 a TH 0 TH
7H3 - 7M2 0 TH
RTH a1.0 /TH
RTH2 = RTH * RTH
RTIM = RTH2 * RTH
CP =Ml() + B(2)UvM + D(3)UI'H + B(4)TH3 + 5(5)ORTH + 5(6)*RTH2

$ + B(7)RT3)'8.31451
X n LOG(FH)
S a 8.31451 0 (B(1)OX + B(2)T + D(3)*TH2/2. + B(4)THId3.0

$ -1D(S)RTH - B(6)*RTH212. - B(7)RTH3f3.0) + B(9)
H a( T 0.314510( B(1) +B2)*Taf2.+ 5(3)wTH2J3.+

$ B(4)1113/4.0 + B(5)RTH*X - B(6)RtTH - B(7)ORTH3/2.0)
S + B(B) -HOR )

C UU -((H *1000.0 +HOJ) / T -S) /8.31451
RETURN
END

SUBROUFINE FMATR (IOFT, TEMK (w)
IMFUCIT REALOS (A-HLO-Z)

COMMON ILSTSO T. TZ2 T3. V., TS. T6. 1142,1TAU, TM4, 1145,1146,
$ Y, Y12, Y'f3. m SN, YTh12 Yr. Y11t4 Y~h1

]OF ([OPT .N& 0) GOTIO 10
Y a 0.0
YT - 0.0
Y'12 a 0.0
Yr3 =0.0
1114w-0.0
YTM2 = 0.0
11143 a 0.0
SN a 0.0
T =O.0
12-m0.0

T3 0.0
VTw 0.0
T5 m0.0
T6 w0A0

122



TM *0.0

TM4 -0.0

10X- n I / 31451

C WRfIS (4.9999)13UK CY, T, X. Y
C9M9 FORMAT( T 1M & Cp -'2F10.2, 3F15.4)

TH - 134/1000.0

7Wl a 111 TH2
RTH1a1IA/TH
1111 - RTH RTH
R1113 a1R11 * 1111
YSy+X
YT=YT.XOTH
Y72 aY72 +X *111
Yr3 aYT3 +X*1113
Y'fda YTM +X *RTH

Y143 = YTM3 +X 0 Th
SN - SN + 1.0
T-T+111
72-72+711

T4 -T4~ +1112 112

T6=T6+ TH3TH3
TM = TM + RTH

TA- TW + .1112
TM3 aTM3+1111
TM4 a 1744 +11 RM 11112

Tm TMa + 1'111 * RTH3
'116- 176 +11113*11113

20RETURN
END
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Appendix L

U ngof Prop. 11ONrFS

PROGRAM 7IGFFrM

C
C Ws verskic 26 Jaumary 1993

C Specificafly adapted to crmfng coefficiens for EXELACE. 7bis
C proinm Is do hnth of a isod of pwopms nmed elduer 77Gf 1
C or 77CFMfl (I a 1.4). Wbs pnros. is specifically desiWne v
C get it b~ut hom tUnaI mmm bPy w z~fn Ut cimisend-ung
C fiting conefdents given, to ARwWAC by ML Bounie McBride
C (NASA Lewis Researda Comer). 7Ut exatulc was done by Paulpi
C EXCALCTH4 (q~v.).

C 7bis pwgramhas aflof dtfeawres ofIts padeceas (uue of do
C 'T semneln compxtazlc. of ==was. of pododess-of-fit); but it
C does noticlucde * ut-toff at 5 00OK

C In this version, die ouWu flies have been changed hem, TiGF1.OUT
C an I TIrrAUX to -XTIGF3XOtT~ and -IGFT5X.AUX.

C 7bis onebas allof ftfeazes of itspidecsosm(uue of ft $9
C sentinel; camputadion, of memnome of goodoess-of-fit); but it does
C not include thcCuL-off at 15 00OOL

C For harhe umpitam details, se at Comment lines at Uthbegia
C of TIGFrF4X.

IMPLUCIT REAL*8 (A-HO-Z)
C

DIMENION A(7.7). B(9), KX(Y)
DIMENSION TK(00) C3YSO),5(50. S ), HH(5Q0

CHARACIIE XNAME01O, PHASE*6. SEZ4T1
PARAMETE~ (N"-)
LOGICAL WrEU

COMMON ICOEFS/ B. NUMK NNUM
COMMON /FUNCS/ M COP,. SM HIH4 TFMX MSART. ENIRPO, HOFI,

$ XNAME, PHASE
COMMON /IOSTUF/ LI, LO
COMMON jLS!SQI T, =2,72. T4.713, T6,1742,1743,17M44,175, I746t

$ Y. YT2, YT3. 74, SN, YTM2, YT. Y174 Y143

DATA FHASPJ 'GAS '
C
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LO - 6
U-5

OPEN (LI~FLFX'TEMPSJN',STATUS-'OWD')
OPEN (3,FILEu'11Ff1SX.OLTF'STATUSm'UNKNOWN')
OPEN (LOFI~wL u'IGFX.AUX',sTATuS='uNKNowN')
OME (4PILE-'cHKsKSX'STATUS-'UNKNOWN')
OPEN (2FILEm'CALORIC',ACCESS-'APPEND'.STATUS='UNKNOWN')
WRITE (2, 81)

81 FORMAT (' Mhe data. cards for fte TIGER code are (unitsm caoies'
$ ', mois, & K):)

C
C CALL LOGO
C

REWIND U
READ (LI. *, ENN=33) WFIX. TSTART
CLOSE (UI)
OPEN (LLFILE-'EXCALCrHOUr'.STATUS='OLD')
REWIND U

10 READ(LLIO2OEND33) SENT, XNAME
1020 FORMAT(AI, AI0)

IF (SENT .NE. '$') (30TO 10

WRrrE (N6,200) XNAME
2008 FORMAT(IX.'Prcesulng - ',AID)

C Initialize fte elements that winl make UP the manix
CALL FMATR (0, XI, X2)

C Read the first line of data,
15 READ(LI.*, END-33) TEM. MP EIN'1RP, HMH298. HONJ

C WRiTE (LO,0) lnprz I". TEM. CP, ENTROP, HMH298, HOFJ
C Is teVMpear fth pinnin temperatur? If not, read mothe line.

IF (rM. LT. T7M-0.05 .OR. 7EM .OT. T7M.O.05 ) COTO 15
C Yes, itis the plin~gT. hsT Fix aT Start?
C If it is, then sart saving dat mad coadnue to reado thetae

20 IF (EM .GE. TSTART-0.05 .AND. TEM IM TSTART.O.05 )THEN
K'T I1
TIK(I) = TSTART
CPP(I) = C
SS(1) -ENRMPO
HH1(l) -HMH299

GOTO 35
ENDIF

C No, T Fix wasn't T Start. Keep looking for T Stant
25 READ (LI,*, ENN-33, ERR=999) TEM, CP, ENTROP, HMH296, ENTHALP

C WRrME (LO,*) "Inpmat", TEM. CP. ENTROP, HMH298, ENTHALP
IF (FMd I.T. TSTART-0.05 OR .TEM .GT. TSTART+O.05 ) GOTO 25

C At last T Start has been found; save values and keep reading table.
29 KT = I

TK(I) = TS1'ART
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SSO) a NTO
111(1) - HIM29S
HrrEWP = YALSE.

CALL FMATh (1, 1KWl, CP)
35 KTr = KT + I

READ(LL,* ENDi33) TEM, QCENMOP, HbMH9, ENTHAlP
C WRYIE (LO. 0) *kpt3, TEM. CPENTOP. HMH298, ENTHALP

rK(K'l) = -
O'P(K'1) a -
SS(KT) = ENTROP
HH(K'r = HDMH29

C WRrIE (L.O.0) TEM CP. ENTROP
IF TMW iLL 14999.) CIOTO 49
EF lMW EQ. 1ISM0) THEN

rITEMP = .TRUE.
GOTyO60

END EF

49 IF (CP EQ. 999.0) GOTO 60
CALL IFMATR (I. T1KMT)6 CP
IF (.NOT. HrITEg) GOTO 35

C 113 end of the tabe 13o been mwahed Is the Ias zcmpermtn
C equal to or pena 10 0o00 K?

60 NUM-KT-LI

IFm(HfEMP) NUM=KT

IF OFK(NUM .GE . D4) THEN
NNUM=O
0010 61

END IF
61 CALL EXTEND CMK CFF, NUMP, NNUM)

BO1) wy
B(2) = YT
B(3) w M1
B(4) = YT3
B(S) = YFM
D(G) wYTM2
B(7) = YTM3
A(11I) =SN
A(2,5) =SN
A(3.6) -SN
A(4M7 - SN
A(5,2) m SN
A(6,3) =SN
A(7.4) a SN
A(2,I) mT
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A(3,S) - T
A(4.6) T
A(I,2) T
A(5.3) T
A(6,4) T
A(3,1) 72
A(2,2) T2
A(4.5) T2
A(1.) -2
A(5.4) -72
A(4,1) T3
A(2.3) T3
A(lA) T3
A(3,2) 7 3
A(5,1) -TM

A(3M7 - 7M
A(1.5) -TM
A(6,2) w 1W
A(7.3) - TM
A(6.1) -TAG
A(2,7) =TM2
A(5.5) - TM2
A(1.6) -ThO
AC7,2) - ThM
A(7M) - TM3
A(5.6) - TMA3
A(1,7)- Tk3
A(6,5) = TM3
A(2.4) - T4
A(3.3) - T4
A(4.2) = T4
A(3.4) w T5S
A(4.3) - 15
A(4.4) = T6
A(5,7) = TM4
A(6.6) - TM4

A(6.7) = 7WS
A(7,6) =TMS
A(7,7) = TM6
CALL SOLVEX(7, A. B. KX, 0, KERR)
EF (KERR .LE. 0) CIOTO 66

64 STOP
66 X- TFVIX/100.

B(8) a HOFJ - TM 0831451((B(4) X/4.0 + B(3)/
A3.0)*X + B(2)12.0)*X +B(l)-((B(7)/(X*2.O)
A+B(6))IX -D(S)*DLOG(X))X)
B(9) = ENTRPO -8.31451 B(((4) *X /3.0+DBM3/12.0)
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AOX+B(2))*X +,(I)*DLOO - ((3(7) I(3.0*X)+
A B(6) 1 2.0) / X + B(5)) /X)

WR]TE (LO, 70) XNAME, PHASE
70 FORMAT(SX, A10,, /X, 131ffbe pham i, A6, I)

WRITE (LO,22) TrFIX TSTART. EN'TR, HOWJ
22FORMAT('l Fflxed AT .',FII.2/

$ ' Rt Staf aT -', FII.2/
$ 'EmuyatTx m',.F1./
$ 'Emhalpy T Fix -',Fl0.1I)

C WRITE (4,71) XNAME. PHASE
C 71 FORMAT(15X, AI0, ue - ',A6/)

C DO 977 IJK=1,NUM,4
C JKI = UK
C UK2 = UK1+3
C IF (JK .GT. NUM) JK2 = NUM
C9877 WRITE (4,9878) (IJ, TK(U), U=I'KIJJK2)
C9878 FORMAT (4(J5,')',FB.1,3X))
C

WRITE (LO, 80)
80 FORMAT ( The data cards for the TIGER code are (irts = Joules,'

S 'mob, & K): 7)
1=1
WRrrE (LO,90) XNAME, PHASE, 1. B(1), B(2), B(3)
WR]TE (3,95) XNAME, PHASE, IB(1), (2), B(3)
WRITE (2,95) XNAME, PHASE, I, 3(1), B(2), 3(3)
1=2
WRITE (1O,90) XNAME, PHASE, I, B(4), B(5), B(6)
WRITE (3. 95) XNAME, PHASE, 1, B(4), B(5), 3(6)
WR]TE (2,95) XNAME, PHASE, L B(4), B(5), B(6)
1=3
WRITE OLO,90) XNAMIE PHASE, 1. B(7), 3(8), B(9)
WRITE (3,95) XNAME, PHASE, I, B(7), 3(8), 3(9)
B8 - B(8)/4.184D0
B9= m(9)t4.184D0
WRITE (2,95) XNAME, PHASE, I, B(7), B8, B9

90 FORMAT(2X, SHSTR, , A6, ",', A6, ,' J1,3(2H, ,IPD15.7))
95 FORMAT( 5HSTR,, A6, ',', A6, ',', I1,3(2H, ,IPDIS.7))

C WRiTE(4, 110)
110 FORMAT(I' T C S

S 'H-H298 MURTT)
120 FORMAT(IX,F8.,15.3FIlS.3.FI4.3.I4.4)
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T w 298.15
CALL CALC (THOIJ,O',SJI)

C WRITE (4,120) T.C, S.SH
T - 300.0
DO 130 1-I1, 18
CALL CALC (FHOFJ.CPSH

C WRITE (4,120) T, CP, S.H, UU
130 T nT+ 100.0

C WRITE (LO, 70) XNAME, PHASE
C WRITE (LO. 110)

DO 140 1 -1.,30
CALL CALC (rHOFJCS.H)

C WRITE (4,120) T.CP. S, H.UU
140 T nT+ 100.0

C GOTOI10
T w 6000.0
DO 150 1 -1L9
CALL CALC (T.HOFJ.CSH)

C WR]TE (4,120) T, CP. S,H, UU
150OT=T + 1000.0

CALL GOODFSX
0O TO 10

999 WRITE (LO, *) TEM.C, MX1, HMH298 ENffROP. X2
WIE(4, *) TEM. C?, XI. HMH298. ENTROP, X2

33 STOP
END

SUBROUTINE CALC (I'JOFJCPSH)

IMPLICIT REAL*8 (A-HO-Z)
COMMON /COEPS /B(9)

TH =T /1000.0
TH2 a TH 0 TH
TH3 = TH2 *TH
RTH a 1.0 /TH
RTH2 = RTH * RTH
RTH3 - RTH2 *RTH
C? -(B(1) + B(2)*TH + B(3)TH2 + B(4)TH3 + B(5)*RTH + B(6)*RTH2

$ + B(7)*RTH3)* 8.31451
X DLOG(TH)
S - 831451 * ( B(1)*X + B(2)TH + D(3)*TH212.0 + B(4)*TH3f3.0
$ - B(5)*RTH - B(6)*RTH2f2.0 - B(7)*RTH3/3.0) + B(9)
H a (T * 8.31451 * ( B(1) + D(2)*TH/2.0 + B(3)*THZ/3.0 +
$ 8(4)TH34.0 + B(S)ORTH*X - B(6)*RTH]2 - B(7)*RTH3/2.0)
$ +8(8) - HOFJ)
RETURN
END
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SUBROUWINE FMATh (lOfT, T1M, CP)
DMFUCIT REAL*8 (A-HO-Z)

COMMON /LSSO T, T2, T3. T4, T5S. T6, Th12 TM3, TM4, TMS. TM6,
$ Y. YTh. Y'F3. TM, SN, YTM2, YT, YTM. YTM3

IF (IOPT MN. 0) GOTO 10
Y = 0.0

YT- 0.0
YT2 a 0.0
Y73 -0.0
YTM = 0.0
YTM2 = 0.0
YTM3 = 0.0
SN = 0.0
T w0.0
12-=0.0
73 - 0.0
T4 = 0.0
T5 = 0.0
T6 = 0.0
TM = 0.0
TM2 =0.0
TM3 = 0.0
TM4 a 0.0
ThIS = 0.0
TM6 = 0.0
00T0 20

10X = CP /8.31451

C CHECK pfint
C WRITE (4,9999) TEKM, P T. X. Y
C9999 FORMAT (' TEM & Cp ='2F10.2, 3F15.4)

TH - TEM 11000.0
T2= TH *TH

TH3 = TH Tm2
RTH =1.0/TH
RTIH2f = R7Jf * RTH
RTH3 = RTH * RTH2
Y=Y+x
YT =YT+ X *TH
Y72 =Y72 +X *TH2
MT-YM3+ X *TH3

YTM =YTM +X *RTH
YTMG- YTM2 +X *RTIm
YTM3 = YM3 +X *RTH3
SN =SN + 1.0
T=T+TH
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12-1 2 +11H2
T3 n T3 + TH3
T4.T4+ 1112111
TS =T5 + 1112 0T7M
T6 -T6 + 1113 1113
TM - TM + R11
1742 - TM2 + RTJH2
143 m 1743 + RTH3
TM4 n-TM44+ RIM1 * RTIM
TMS a TMS + R111 0 RTH
Tb% - 1746 + RTH3 * RIHM

20 REJURN
END
SUBROUTINE SOLVEX(N. A. B, KX~ K. KERR)

C
IMPLCrT REAL*8 (A-HO-Z)

DIMENSON ACV,). B(9). KX(7), T(7)
ES- 0.0

KERR - 0
WF(K) 10,1la 160

10DO20 JI-iN
20 KXQJ) -J

D0150 I-1,N
AIwI -1-

IF (RAI) 50.50.30
30 DO40 J - 1,RIM

Kj =KX(J)
Q -A(L.KI)
JP1 - J + 1
DO040 L=JPI, N
]KL = KX(L)

40 A([.KL)= A(l.KL) -Q A(J, KL
50 Ka = KX(I)

Q - DABS(A(L. KO))
IF (N- 1) 100,10D, 60

60L=l
IPI - I + I
DOS80 J -IP1. N
JKJ wKX(J)
AIMJ a DABS(A(L, K))
iF (AIKJ -Q) 80.,80, 70

70 Q = ArJ
L-J

80 CONTIUE
IF (L -I) 90,1(0,.90

90 J w KX(L)
KX(L) -KX(I)
KX(I) -J

loo 7(Q- BPS) 110, 110.,120
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110 XER- 1
RETURN

120 KI - KX(1)
Q mA(l. K!)
EF (N -l 150 ,150, 130

1301DO 140 J=IPI, N
KJ - KXQ)

140 A(L KJ) - A(L KJ)/ Q
150 CONTINUE
1601DO200 1 1.N

IMI =I - I
IF (RI) 190, 190,170

1701DO 180 J a1, IMI
KJ- KX(J)

10 Q = Q - A(, KJ) * B(J)
190 la - KX(I)
200 B() = Q / A(l KI)

DO230 IC= 1,N
I = N - IC + I
Q -B(l)
IF (N- ) 230,230,210

210 IPI = I + 1
DO220 J =aPmI, N
KJ = KX(J)

220 Q = Q - T(J) * A(L KJ)
230 T() = Q

D0240 J=I,N
KJ - KX(J)

240 B(KJ) wTQJ)

END
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